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Benign  Breast  Disease:  Toward  Molecular  Predictor  of  Breast  Cancer 

Risk 

Final  Report  -  July  2009 


The  purpose  of  the  Center  of  Excellence  was  to  bring  molecular  risk  prediction  for  breast 
cancer  into  the  clinical  arena.  The  three  main  areas  of  scientific  activity  within  this 
proposed  Center  were: 

•  the  establishment  of  a  large  tissue  repository  from  a  retrospective  cohort  of 
women  with  benign  breast  disease  (BBD)  (1967-91)  with  complete  and  long-tenn 
clinical  follow-up  to  identify  those  who  developed  breast  cancer  (cases)  and  those 
who  did  not  (controls); 

•  the  application  of  potential  biomarkers  of  risk  to  this  archival  tissue  set; 

•  the  discovery  of  new,  potentially  relevant  biomarkers  of  risk  in  fresh  and  frozen 
specimens  of  BBD. 

We  received  our  notice  of  funding  in  December  of  200 1 .  May  2002  the  funding  was 
released  for  the  non-human  subjects  portion  of  the  grant.  February  2003  DOD  approval 
was  received  for  all  portions  of  the  grant.  In  2007  we  requested  and  received  a  no  cost 
extension.  The  no-cost  extension  was  expanded  to  the  2008  fiscal  year  to  continue  our 
work  with  Wayne  State  in  African-American  women.  The  Center  included  a  multi- 
institutional  team  [(Mayo  Clinic;  UCSF;  Wayne  State)]  of  basic  scientists,  pathologists, 
epidemiologists,  clinicians,  statisticians,  and  advocates. 

I.  Establish  a  retrospective  cohort  of  BBD  and  a  nested  case-control  study 

A.  Development  of  study  cohort 

We  completed  the  identification  of  our  study  cohort,  updated  the  cohort  through  use  of  a 
mailed  questionnaire  and  chart  abstraction,  and  obtained  tissue  from  Mayo  tissue  registry 
and  outside  institutions.  Our  approach  for  each  of  these  tasks  and  results  are  as  follows: 

1.  Identification  of  cohort.  Female  patients  who  had  a  breast  biopsy  performed 
between  January  1,  1967  and  December  31,  1991  at  the  Mayo  Clinic  in  Rochester, 
Minnesota  (MCR)  were  identified  using  the  resources  of  the  Division  of  Medical 
Infonnation  (MIR).  These  include  the  surgical  index,  pathology  index,  medical  index 
and  tissue  registry. 

a.  Surgical  Index.  For  every  surgical  procedure  perfonned  at  the  MCR,  MIR  personnel 
review  the  surgical  and  pathology  notes  for  the  type  of  surgical  procedures  and  diagnosis. 
The  diagnostic  data  are  coded  using  ICD-9  criteria  and  entered  into  a  computer  database 
referred  to  as  the  Surgical  Index.  We  used  the  surgical  index  breast  codes  to  begin  our 
search 

b.  Pathology  Index.  The  Pathology  Index,  a  computerized  database  maintained  by  the 
Mayo  Clinic  Department  of  Faboratory  Medicine  and  Pathology  since  1985  contains  all 
histologic  findings  for  every  surgery  performed  at  the  Mayo  Clinic.  This  database  was 
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searched  to  determine  the  histologic  findings  associated  with  each  breast  biopsy.  The 
histologic  findings  of  all  breast  biopsies  performed  prior  to  1985  were  abstracted  by  a 
trained  nurse  from  pre-1985  Pathology  Index  maintained  on  index  cards  by  month  and 
year  of  procedure.  For  each  woman,  the  histology  from  their  first  breast  biopsy  was 
reviewed.  If  the  biopsy  indicated  a  malignancy  or  was  perfonned  as  part  of  a 
prophylactic  mastectomy,  the  patient  was  not  considered  eligible  for  the  study. 

c.  Medical  Index  and  Tumor  Registry.  The  next  step  in  the  screening  process  used  two 
additional  databases,  the  Medical  Index  and  the  Tumor  Registry.  MIR  personnel 
maintain  the  Medical  Index  and  Tumor  Registry.  Since  1975,  the  Medical  Index  has 
electronically  captured  the  diagnostic  findings  of  each  patient’s  inpatient  and  outpatient 
episode  of  care.  The  Tumor  Registry,  begun  in  1971,  contains  the  diagnostic  findings  of 
any  malignancy  and  routine  follow-up  of  patients  with  a  cancer  diagnosis. 

d.  Cohort  details.  We  identified  12,132  women,  age  18  to  85,  who  had  a  surgical 
excision  of  a  benign  breast  lesion  during  the  25  year  period  from  January  1,  1967  through 
December  31,1991.  The  median  follow-up  was  15  years.  We  excluded  1,047  women 
who  had:  a  diagnosis  of  breast  cancer  or  lobular  carcinoma  in  situ  at,  before,  or  within  six 
months  of  their  breast  biopsy;  unilateral  or  bilateral  mastectomy  or  breast  reduction  at  or 
before  their  biopsy;  or  those  who  refused  the  use  of  their  medical  records  for  research. 

Of  the  remaining  1 1,085  women,  1,053  women  had  no  follow-up  information  after  their 
breast  biopsy  leaving  10,032  women.  Another  945  women  had  unusable  or  unavailable 
biopsy  tissue  of  the  benign  lesion.  The  remaining  group  of  9,087  women  comprised  our 
study  cohort.  A  comparison  of  the  10,032  women  who  met  study  criteria  and  9,087 
women  with  available  tissue  show  no  significant  difference  in  their  relative  risk  of  breast 
cancer  (1.59  and  1.56,  respectively).  7,260  women  were  alive  at  study  entry,  1,827  were 
deceased. 

B.  Participant  follow-up 

A  study  specific  questionnaire  was  mailed  to  all  eligible  participants  or,  in  the  case  of 
those  who  were  deceased,  their  next-of-kin.  Clinical-epidemiologic  measures  available 
from  the  questionnaires  include:  age  at  menarche;  age  when  first  child  born;  number  of 
children;  number  of  children  breastfed  more  than  one  month;  blood  relatives  with  any 
cancer  (degree  and  maternal/paternal)  and  ages;  menopausal  status;  reason  for 
menopause;  oophorectomy  (unilateral,  bilateral;  if  yes,  age  at);  use  of  birth  control/oral 
contraceptives;  if  yes,  ages  taken  and  type;  use  of  tamoxifen  or  raloxifene,  year  started 
and  length  of  time  taken;  radiation  to  chest,  if  yes,  age;  number  of  breast  biopsies; 
indication  for  breast  biopsy;  frequency  of  mammograms  since  breast  biopsy;  year  of  last 
routine  mammogram;  breast  reduction,  if  yes,  age;  breast  removal,  reason,  age,  side; 
diagnosis  of  breast  cancer,  if  yes,  age,  chemotherapy  (before  and/or  after  surgery), 
radiation  (before/or  after  surgery),  recurrence  (date  of,  location);  diagnosis  of  cancer 
anywhere  other  than  breast,  if  yes,  age  diagnosed;  height;  weight  (current  and  at  age  18); 
race/ethnicity;  use  of  non-steroidal  anti-inflammatory  drugs  (specific  drug,  average  days 
per  month,  average  number  of  pills  taken  on  days  used,  total  number  of  years  taken,  age 
when  taken);  use  of  specific  supplements  (multivitamins,  vitamin  A,  beta  carotene, 
vitamin  C,  vitamin  B,  folic  acid,  vitamin  E,  calcium,  selenium,  zinc,  garlic,  fish  oil,  soy, 
black  cohosh,  shark  cartilage);  alcohol  use,  if  ever  used,  age  began  to  use  regularly, 
current  use,  average  consumption;  physical  activity  and  its  frequency  both  during  most  of 
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adult  life  and  currently.  Questionnaire  information  was  obtained  on  5,619  (62%)  of  the 
women.  Of  these  604  (11%)  were  completed  by  next-of-kin. 

C.  Validate  reported  breast  cancers 

To  validate  reported  breast  cancers,  charts  were  obtained  for  women  diagnosed  at  Mayo 
Clinic  and  pertinent  records  were  requested  from  outside  institutions  for  women 
diagnosed  outside  Mayo  Clinic.  Prior  to  contacting  outside  institutions,  women  were 
asked  to  sign  a  consent  form,  giving  researchers  permission  to  access  their  outside 
medical  records  and  tissue,  as  well  as  to  identify  the  institution  and  physician  providing 
care  at  the  time  of  their  cancer  diagnosis.  In  the  case  of  the  deceased,  next-of-kin  were 
asked  to  give  pennission  to  obtain  cancer  related  records.  Once  records  were  received,  a 
trained  nurse  abstractor  abstracted  pertinent  cancer  information  into  database  screens. 

D.  Match  breast  cancer  cases  to  controls 

For  some  studies,  especially  the  biomarker  studies,  we  used  nested  case:control  series 
within  our  large  cohort.  To  identify  the  case:control  series,  we  randomly  selected  cases 
who  developed  breast  cancer  from  the  cohort,  stratified  by  five-year  categories  of  year  of 
benign  biopsy  to  represent  the  entire  spectrum  of  the  cohort.  We  individually  matched 
two  controls  to  each  case  based  on  age  and  year  of  benign  biopsy. 

E.  Test  sets  for  preliminary  evaluation  of  biomarkers 

1.  Establishment  of  laboratory  procedures.  We  tested  a  variety  of  procedures  with  a 
“technical  set”  of  benign  breast  tissue  from  women  not  eligible  for  our  study  (e.g.  those 
who  had  a  benign  biopsy  after  a  previous  cancer).  We  put  the  slides  in  long-term  cold 
room  storage  to  ascertain  that  labels  would  continue  to  adhere  and  the  selected  antibody 
dilution  continued  to  work  under  those  conditions.  We  then  stained  slides  from  the 
samples  in  the  technical  set  that  had  been  cold-stored  for  3  to  6  months.  The  staining 
quality  was  assessed  as  “excellent”  by  our  study  pathologist. 

2.  Sets  for  evaluation  of  biomarkers. 

a.  Discovery  set.  A  subset  of  approximately  125  cases  and  their  two  closest  controls 
(matched  on  age  at  biopsy  and  year  of  biopsy)  was  chosen  from  the  entire  study  period, 
1967  to  1991,  to  serve  as  a  test  set.  This  set  was  used  to  ascertain  a  point  and  interval 
estimate  of  the  prevalence  of  a  candidate  marker  among  the  cases,  as  well  as  the  risk  of 
breast  cancer  among  those  with  the  candidate  marker  relative  to  those  without  the  marker. 
The  first  step  in  constructing  this  test  set  was  to  determine  the  proportion  of  cases  that 
occurred  in  each  calendar  year  (1967  -  1991).  The  number  of  cases  to  be  included  in  the 
test  set  for  a  particular  year  was  that  percentage  of  125.  Once  the  number  to  be  selected 
from  a  particular  calendar  year  was  determined,  that  number  was  randomly  selected  from 
among  the  cases  in  that  calendar  year. 

b.  Atypia  set.  Given  the  high-risk  status  of  women  with  atypia,  we  also  focused  on  the 
atypia 

group  (N  =  336)  to  test  the  significance  of  biomarkers  in  them  specifically. 
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II.  Examine  the  association  between  select  biomarkers  in  the  benign  specimens  and 
subsequent  risk  of  breast  cancer 

A.  Obtain  tissue 

1.  Benign  breast  tissue.  Archived  benign  breast  tissue  slides  and  paraffin  blocks  were 
obtained  from  Mayo  Clinic  Tissue  Registry  for  the  study  cohort.  For  the  first  25  years  of 
the  cohort  (1967-1991),  838  women  could  not  be  included  because  their  benign  tissue 
was  not  available.  Of  those,  616  (73.5%)  had  their  biopsies  between  1967-1971.  The 
reason  for  the  large  number  of  missing  samples  in  the  1967-71  time  period  is  that  all 
benign  tissue  was  not  routinely  preserved  during  that  time.  That  policy  was  changed  at 
Mayo  and  since  1977,  >  95%  of  the  BBD  samples  were  available.  Of  note,  for  the  entire 
1967-91  group,  the  relative  risk  of  breast  cancer  did  not  differ  significantly  between  the 
eligible  women  and  the  women  for  whom  we  had  benign  tissue,  who  made  up  the  study 
cohort  (1.59  and  1.56,  respectively). 

2.  Cancer  tissue.  We  were  successful  in  obtaining  cancer  blocks  on  407/427  (95%)  of 
the  women  diagnosed  at  Mayo  Clinic  and  194/331  (59%)  diagnosed  outside  of  the  Mayo 
Clinic.  We  have  slides  on  an  additional  5  (1%)  of  the  women  diagnosed  at  Mayo  Clinic 
and  40  (12%)  diagnosed  outside  of  Mayo  Clinic.  Thus,  altogether  we  have  either  slides 
or  blocks  from  the  breast  cancers  for  646  (85%)  of  the  758  women.  No  tissue  has  been 
obtained  for  1 12/758  (15%)  of  women  diagnosed  with  cancer.  Of  these  women,  we  did 
not  request  permission  on  40/112  (35%)  as  they  or  their  next-of-kin  did  not  complete  the 
questionnaire.  Additionally,  38/1 12  (34%)  of  these  women  or  their  next-of-kin  did  not 
grant  permission  for  their  tissue  to  be  released  to  us.  No  tissue  is  available  for  the 
remaining  34  women. 

B.  Characterize  benign  histology 

1.  Overall  impression  and  risk.  In  2005,  we  published  the  first  manuscript  based  on 
our  Center  of  Excellence  work.  At  that  time,  we  had  identified  707  breast  cancers  in  our 
cohort  of  9,087  women  and  examined  the  relative  risk  of  breast  cancer  based  on  histology 
and  family  history.  The  overall  relative  risk  of  breast  cancer  for  the  cohort  was  1.56 
(95%  Cl  1.45  -  1.68),  and  this  increased  risk  persisted  for  at  least  25  years  after  biopsy. 
The  relative  risk  associated  with  atypia  was  4.24  (95%  Cl  3.25-5.41),  for  proliferative 
changes  without  atypia  it  was  1.88  (95%  Cl  1.66-2.12),  and  for  non-proliferative  lesions 
it  was  1.27  (95%  Cl  1.15-1.41).  Family  history  was  a  significant  risk  factor  independent 
of  histology.  Women  with  a  strong  family  history  had  a  relative  risk  of  1.93  (95%  Cl 
.58-2.32)  for  no  family  history  it  was  1.18  (95%  Cl  1.01  -  1.37).  No  increased  risk  was 
found  among  women  with  a  negative  family  history  and  non-proliferative  findings. 
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Table  1 :  Breast  cancer  risk  based  on  select  clinical-epidemiologic  factors 


Characteristic 

No.  of 
Women 

Person- 

Years 

No.  of 
Observed 
Events 

No.  of 
Expected 
Events 

Relative  Risk  (9596  Cl)t 

Overall 

9087 

144,881 

707 

453.0 

1.56  (1.45-1.68) 

Age  at  diagnosis  of  benign  breast 
disease 

<30yr 

726 

13,593 

21 

11.5 

1.83  (1.13-2.80) 

30-39 yr 

1115 

20,169 

71 

38.3 

1.85  (1.45-2.34) 

40-49 yr 

2474 

45,780 

212 

136.3 

1.56  (1.35-1.78) 

50-59  yr 

2145 

34,100 

196 

125.9 

1.56  (1.35-1.79) 

60-69 yr 

1639 

21,364 

142 

94.5 

1.50  (1.27-1.77) 

a70yr 

988 

9,874 

65 

46.6 

1.40(1.08-1.78) 

Me  nopa  usa  1  statu  s$ 

Premenopausal  (age<45yr) 

2948 

54,419 

169 

106.1 

1.59  (1.36-1.85) 

Perimenopausal  (age  45-55  yr) 

2583 

45,872 

245 

153.4 

1.60(1.40-1.81) 

Postmenopausal  (age  >55  yr) 

3556 

44,590 

293 

193.6 

1.51  (1.35-1.70) 

Histologic  findings 

Nonproliferative  disease 

6061 

99,109 

379 

297.7 

1.27  (1.15-1.41) 

Proliferative  disease  without  atypia 

2690 

41,610 

264 

140.2 

1.88  (1.66-2.12) 

Atypical  hyperplasia 

336 

4,161 

64 

15.1 

4.24  (3.26-5.41) 

Family  history  of  breast  cancer^ 

None 

2668 

44,974 

171 

145.4 

1.18  (1.01-1.37) 

Weak 

1174 

21,472 

94 

65.9 

1.43  (1.15-1.75) 

Strong 

966 

18,087 

110 

57.0 

1.93  (1.58-2.32) 

*  Numbers  of  women,  person-years,  and  events  may  not  sum  to  overall  totals  because  of  rounding. 

•f  The  relative  risk  reflects  the  observed  number  of  events  as  compared  with  the  number  expected  on  die  basis  of  low  a 
SEER  data.  All  analyses  account  for  the  effects  of  age  and  calendar  period.  Cl  denotes  confidence  interval. 

$  Menopausal  status  was  categorized  according  to  the  age  at  breast  biopsy, 
j  Information  on  family  history  was  available  for  4508  of  the  9087  women. 

Hartmann  et  al.,  2005,  NEJM. 

Over  a  25  year  period  of  time,  the  proportion  of  BBD  with  atypical  hyperplasia  in  our 
cohort  increased  from  1.5%  in  the  early  part  of  the  study  to  5.6%  in  the  latter  part  of  the 
study  (Table  2).  Similarly,  the  proportion  of  proliferative  disease  without  atypia  also 
increased  from  24.6%  in  the  early  70s  to  34.9%  in  the  later  years  (see  following  table). 
The  increased  prevalence  of  proliferative  disease,  especially  atypia,  is  attributed  to  the 
increased  use  of  mammography  leading  to  findings  associated  with  microcalcifications. 
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Table  2:  Histologies  of  BBD  1967  -  1991 


Year  of  Biopsy 


1967-71 

1972-76 

1977-81 

1982-86 

1987-91 

All 

Subjects 

Overall 

1038 

(11.1%) 

1876 

(20.0%) 

1546 

(16.5%) 

2334 

(24.9%) 

2582 

(27.5%) 

9376 

(100%) 

Histology 

NP 

754 

(72.6%) 

1379 

(73.5%) 

1086 

(70%) 

1490 

(63.8%) 

1535  (59.5%) 

6244 

(66.6%) 

PDWA 

269 

(25.9%) 

462 

(24.6%) 

420 

(27.2%) 

748 

(32.1%) 

902  (34.9%) 

2801 

(29.9%) 

AH 

15  (1.5%) 

35  (1.9%) 

40  (2.6%) 

96  (4.1%) 

145  (5.6%) 

331  (3.5%) 

NP=nonproliferative;  PDWA=proliferative  disease  without  atypia;  AH=atypical  hyperplasia. 


2.  Atypia  and  risk.  We  have  studied  our  cohort  of  women  with  atypia  (N=336)  in 
depth.  We  have  found  that  the  risk  of  breast  cancer  was  elevated  for  women  with  atypia 
and  even  greater  for  women  with  atypia  who  were  under  age  45  (RR=7.36).  We 
examined  risk  by  number  of  foci  of  atypia  and  found:  1  focus,  RR=2.33;  2  foci, 
RR=5.41;  and  for  three  or  more  foci,  RR=7.96  (see  cumulative  incidence  figure  below). 
Moreover,  in  the  highest  risk  subgroup  of  women  with  three  or  more  foci  of  atypia  and 
histologic  calcifications,  the  cumulative  incidence  exceeded  50%  after  25  years.  This 
level  of  risk  approaches  that  reported  for  carriers  of  BRCA1/2  mutations.  Risk  was 
similar  for  ductal  and  lobular  types  of  atypia;  family  history  did  not  significantly  increase 
risk.  Breast  cancer  risk  in  women  with  atypia  remained  elevated  over  20  years. 


Women  with  Atypia 
In  Mayo  BBD  Cohort 


Figure  1 :  Observed  cumulative 
breast  cancer  incidence  among 
women  with  atypical 
hyperplasia,  stratified  by  number 
of  foci  of  atypia.  Expected 
events  calculated  by  applying 
age-  and  calendar  period- 
stratified  person  years  of 
observation  among  all  women 
with  atypia  to  corresponding 
Iowa  SEER  breast  cancer 
incidence  rates.  Observed  and 
expected  events  cumulated  using 
Kaplan-Meier  product  limit 
methodology.  (From  Degnim 
AC,  Visscher  D,  .  .  .  Ffartmann 
LC.  Stratification  of  breast 
cancer  risk  in  women  with 
atypia:  A  Mayo  cohort  study, 
JCO,  2007). 
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3.  Papillomas.  The  risk  of  breast  cancer  development  in  patients  with  papillomas, 
particularly  those  with  multiple  or  atypical  lesions,  has  been  incompletely  defined.  We 
examined  the  association  between  breast  papillomas  and  subsequent  risk  of  breast  cancer. 
We  found  that  a  single  papilloma  imparts  a  cancer  risk  similar  to  conventional 
proliferative  fibrocystic  disease.  The  presence  of  single  papilloma  with  atypia  does  not 
modify  the  risk  of  atypical  ductal  hyperplasia/atypical  lobular  hyperplasia  overall.  The 
presence  of  multiple  papillomas,  however,  increases  the  risk  of  breast  cancer  over  that  of 
proliferative  fibrocystic  disease  (RR  3.01,  95%  Cl  1.10-6.55),  even  more  so  in  women 
with  multiple  papillomas  with  atypia  (RR  7.01,  95%  Cl  1.919-17.97).  Thus,  multiple 
papillomas  constitute  a  proliferative  breast  disease  subset  having  unique  clinical  and 
biologic  behavior  (Lewis  JT  et  al.  An  analysis  of  breast  cancer  risk  in  women  with  single, 
multiple,  and  atypical  papilloma,  Am  J  Surg  Pathol  2006;30:665-672). 

4.  Radial  Scars.  The  significance  of  radial  scars  to  subsequent  risk  of  breast  cancer 
has  been  debated.  Radial  scars  (RS)  are  benign  breast  lesions  of  uncertain  etiology. 

The  growth  pattern  in  RS  can  resemble  breast  cancer  and  on  mammogram  a  RS  can 
be  difficult  to  distinguish  from  breast  cancer,  prompting  biopsy.  The  literature  is 
mixed  about  the  risk  of  developing  breast  cancer  following  the  diagnosis  of  RS, 
leading  to  our  interest  in  examining  the  significance  of  RS  in  the  subsequent 
development  of  breast  cancer.  We  found  no  increased  breast  cancer  risk  for  women 
with  radial  scars  when  compared  to  the  risk  already  present  due  to  proliferative 
disease  with  or  without  atypia.  Breast  cancer  risk  was  not  affected  by  the  size  or 
number  of  RS  lesions  (Berg  JC  et  al.  Breast  cancer  risk  in  women  with  radial  scars 
in  benign  breast  biopsies.  Breast  Cancer  Res  Treat  2008;108:167-174). 


5.  Involution.  There  are  very  few  pathologic  features  identified  thus  far  that  are 
associated  with  a  reduced  risk  of  breast  cancer.  In  our  BBD  resource,  we  studied  if 
regression  or  involution  of  a  woman’s  breast  lobules  (or  terminal  duct  lobular  units, 
TDLUs)  was  associated  with  later  risk  of  breast  cancer.  The  breast  is  organized  into 
approximately  15-20  major  lobes,  each  made  up  of  lobules  that  contain  the  milk-forming 
acini.  As  a  woman  ages,  these  lobules  are  supposed  to  regress  or  involute  with  a 
reduction  in  the  number  and  size  of  acini  per  lobule  (see  figure  2). 

a.  Qualitative  Involution.  Our  study  pathologist  assessed  the  extent  of  involution  in  the 
background  breast  tissue  of  the  women  in  our  BBD  cohort.  Notably,  those  women  who 
had  complete  involution  of  their  TDLUs  had  a  significantly  lower  risk  of  breast  cancer 
(RR  0.91,  95%  Cl  =  0.75  -  1.10)  compared  to  those  with  partial  (RR  1.47,  95%  Cl  =  1.33 
-1.61)  or  no  involution  (RR  =  1.88,  95%  Cl  =  1.59  -  2.21)  (Milanese  TR  et  al.  Age- 
related  lobular  involution  and  risk  of  breast  cancer,  JNCI  2006;98(22):  1600-1607).  We 
found  that  the  presence  of  complete  involution  reduced  risk  even  in  women  who  were  at 
high  risk  because  they  had  atypia  or  a  strong  family  history  of  breast  cancer.  This  is  a 
novel  finding  because  the  subject  of  age-related  involution  in  relation  to  breast  cancer 
risk  has  not  been  studied  in  the  human.  Importantly,  this  provides  an  additional  feature  to 
assess  on  a  breast  biopsy  that  allows  us  to  fine-tune  risk  prediction  for  women.  Secondly, 
and  even  more  importantly,  if  the  scientific  community  can  detennine  what  controls  the 
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process  of  age-related  breast  involution,  we  may  be  able  to  induce  it  medically  and  thus, 
introduce  a  new  “chemoprevention”  strategy  to  offer  women. 


An  editorial  by  Henson,  Tarone  and  Nsouli  accompanied  our  work  in  JNCI 2006.  In  this 
editorial  they  state  “It  is  truly  a  remarkable  event  when  traditional  pathologic 

observations  lead  to  new  ideas  about  the  prevention  of  cancer . Results  of  the 

Mayo  study  provide  a  new  paradigm  for  breast  cancer  research  and  prevention”  (Henson 
DE,  Tarone  RE,  Nsouli  H.  Lobular  involution:  the  physiological  prevention  of  breast 
cancer.  2006  JNCI;98(22):  1589-90). 


Figure  2.  Histologic  features  of  lobular  involution,  (a)  A  field  of  normal  lobules  or  TDLUs,  each 
comprised  of  multiple  acini  and  specialized  stroma  (inset),  (b)  An  example  of  complete  lobular 
regression  leaving  small  residual  structures,  largely  depleted  of  acini  (inset). 

(a) 


acini 


Intralobular 

stroma 


Terminal 

duct 


(b) 


-11- 


b.  Quantitation  of  involution.  We  recently  developed  more  quantitative  measurements  of 
lobular  involution  status  to  provide  more  objective  assessment  methods  and  to  be  able  to 
more  precisely  identify  the  extent  of  involution  (McKian  KP  et  al.  A  novel  breast  tissue 
feature  strongly  associated  with  risk  of  breast  cancer  2009  In  press,  JCO).  To  pursue 
this  work,  we  identified  85  cases  from  our  BBD  cohort  and  matched  142  controls  to  them 
by  age  and  year  of  BBD  biopsy.  One  H  &  E  stained  slide  per  subject  was  scanned  into 
the  computer  and  analyzed  using  WebSlide  Browser  software  (Bacus  Labs).  This 
software  allows  the  measurement  of  structural  features  (lobular  area,  acini  number)  as 
visualized  by  light  microscopy  (Figure  3).  The  ten  largest  nonnal  lobules  were  assessed 
for  each  patient  by  one  observer  without  knowledge  of  case  status  or  previous  pathologic 
assessment  (i.e.  qualitative  involution  or  histologic  category).  If  fewer  than  ten  normal 
lobules  were  present,  all  were  assessed.  Analysis  included  (i)  counting  the  number  of 
individual  acini  per  lobular  unit  and  (ii)  delineating  the  circumference  of  the  lobule  to 
measure  its  area  in  square  microns  (Figure  3).  We  defined  countable  acini  as  nuclei 
forming  a  distinct  circular  pattern  with  or  without  the  presence  of  a  discernible  lumen. 
Distinct  lobules  were  defined  by  the  presence  of  intersecting  stromal  tissue.  Abnonnal 
lobules,  namely  those  that  contained  large  portions  of  terminal  ducts,  atypical  lobular  or 
ductal  hyperplasia,  sclerosing  adenosis,  large  cysts,  or  proliferative  disease  without  atypia 
were  not  included  in  the  analysis. 

We  found  that  this  method  for  quantitating  involution  status  was  highly  reproducible. 
Specifically,  a  random  sample  of  82  slides  (25  cases  and  57  controls)  was  read  by  a 
second  observer  using  the  quantitative,  manual  method  described  above.  We  compared 
the  acinar  count  of  the  first  and  second  readers,  and  there  was  strong  correlation,  r=0.91 
(5%  Cl:  0.87-0.94).  We  then  compared  acinar  counts  to  other  features,  and  found  a 
strong  association  between  involution  extent  judged  qualitatively  (none,  partial, 
complete)  and  the  acinar  count  and  that  involution  extent  was  independent  of  histologic 
category  (Figure  4A).  Women  with  a  positive  family  history  were  somewhat  less  likely  to 
complete  the  process  of  involution  (Figure  4A).  We  also  found  a  strong  correlation 
between  breast  cancer  risk  and  acinar  count  (Figure  4B,C),  as  women  who  went  on  to 
develop  breast  cancer  had  significantly  more  acini/lobule  (less  involution). 

We  compared  the  acinar  count  of  cases  vs  controls.  Women  who  developed  BC  had 
significantly  more  acini  per  lobule  (24.3)  than  women  who  remained  unaffected  (17.8) 
(p=0.0008).  Dividing  acinar  count  into  categories  of  ten,  we  observed  a  step-wise 
increase  in  risk  of  BC  with  increasing  numbers  of  acini/lobule  (p=0.0004),  as  shown  in 
Figure  4B.  We  also  plotted  BC  risk  by  acinar  count,  demonstrating  the  continuous  nature 
of  this  risk  feature  (see  spline  in  Figure  4C). 
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Extent  of  Involution 
(Qualitative)  (p<0.0001) 

Acinar  Count 

None 

32.0  (26.4-38.8) 

Partial 

19.7(17.5-22.2) 

Complete 

7  .7  (5  .8-1 0  .3) 

Histologic  Category  (p=0.31) 

Non-proliferative 

18.8(16.1-22.0) 

Proliferative  disease  without 
atypia 

22.1  (18.6-26.3) 

Atypical  hyperplasia 

18.6(13.2-26.2) 

Family  History  (p=0.07) 

Negative 

18.3(16.4-21.6) 

Positive 

22.9  (19.0-27.6) 

Breast  Cancer  Status  (p=0.0008) 

Case 

24.3  (20.6-28.6) 

Control 

17.8(15.4-20.4) 

Association  of  Acinar  Count  and  BC  Risk 


Number  of 

acini/lobule 

Number 

of 

women 

Lobule 

RR  (95%  CO 

P-value 

0-10 

53 

1.00  (ref) 

0.0004 

11-20 

63 

2.80 

(0.88-8.93) 

21-30 

39 

3.23 

(0.87-11.94) 

3140 

26 

3.23 

(0.72-14.41) 

41  or  more 

46 

11.85 

(2.9248.12) 

5  10  20  50  100 

Number  of  acini 


Figure  4.  Quantitative  LI  and  cancer  risk.  (A)  Correlations  between  acinar  count,  other  variables, 
and  case  status.  (B)  Risk  associated  with  quantitative  LI  as  a  discrete  variable.  (C)  Risk 
associated  with  quantitative  LI  as  a  continuous  variable. 

c.  Concordance  of  involution  measures  across  breast  tissue.  We  found  that  measurements 
of  lobular  involution  are  highly  consistent  across  multiple  areas  of  a  woman’s  breast 
(Vierkant  RA  et  al.  Lobular  involution:  localized  phenomenon  or  field  effect?  2008 
Breast  Cancer  Res  Treat,  epub  ahead  of  print).  For  this  study,  the  tissue  from  15  women 
who  had  undergone  bilateral  prophylactic  mastectomy  was  analyzed.  Specifically,  we 
chose  a  single  section  of  breast  tissue  from  each  quadrant  of  both  breasts.  An  H&E 
stained  section  was  prepared  from  each  specimen,  and  the  extent  of  involution  was 
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categorized  as  none  (0%),  mild  (1-24%),  moderate  (25-74%)  or  complete  (>75% 
involuted  lobules).  Within-woman  concordance  of  involution  was  calculated  using 
intraclass  correlation  coefficients  (ICCs)  which  indicated  strong  correlation  among 
involution  measures  (Table  3).  Correlations  were  also  similar  when  modeling  each  breast 
as  an  experimental  unit,  which  confirmed  that  patterns  of  involution  were  uniform  in  the 
entire  field  of  breast  tissue. 


Measure 

Result 

Treating  each  woman  as  the  experimental  unit 

Intraclass  correlation  (95%  Cl) 

0.75  (0.59,  0.89) 

Kappa  coefficient  (95%  Cl) 

1 

0.67  (0.59,  0.75) 

Pairwise  comparisons,  N  (%)a 

Perfect  matches 

■ 

341  (81) 

Partial  matches 

76(18) 

Non-matches 

3(1) 

Treating  each  breast  as  the  experimental  unit 

Intraclass  correlation  (95%  Cl) 

■ 

0.74  (0.60,  0.85) 

Kappa  coefficient  (95%  Cl) 

0.66  (0.53,  0.78) 

Pairwise  comparisons,  N  (%)a 

Perfect  matches 

145 (81) 

Partial  matches 

34(19) 

Non-matches 

1(1) 

Table  3.  Measures  of  concordance  of  involution  in  15  women  undergoing  prophylactic 
mastectomy.  Eight  quadrants  assessed  per  woman.  Data  from  Vierkant  RA  et  al.  2008. 

C.  Perform  centromere  studies 

Most  invasive  breast  cancers,  like  many  other  solid  tumors,  have  amplified  centrosomes. 
The  extent  of  centrosome  amplification  correlates  with  the  levels  of  chromosomal 
instability  in  invasive  ductal  carcinoma  of  the  breast.  Centrosome  amplification  is  also 
present  in  ductal  carcinoma  in  situ,  but  has  not  been  investigated  in  benign  breast  lesions 
In  our  pilot  study,  we  investigated  the  status  of  centrosomes  in  benign  breast  lesions  of 
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various  histologies  to  determine  if  amplified  centrosomes  can  be  detected  in  the  absence 
of  malignancy  and  invasion,  and  if  any  histologic  types  of  benign  breast  lesions  have 
significant  levels  of  centrosome  amplification. 

We  selected  paraffin-embedded  tissue  blocks  from  women  with  non-proliferative  lesions, 
proliferative  lesions  without  atypia,  and  atypical  hyperplasia.  We  had  previously 
detennined  the  relative  risks  of  developing  breast  cancer  associated  with  these  lesions  in 
our  large  cohort  of  women;  the  relative  risk  associated  with  non-proliferative  lesions  was 
1.27  (95%  Cl  1.15-1.41),  1.88  (95%  Cl  1.66-2.12)  in  proliferative  lesions  without  atypia, 
and  4.24  (95%  Cl  3.26-5.41)  in  lesions  with  atypia.  Serial  sections  were  cut  to  allow  for 
staining  with  hematoxylin  and  eosin,  gamma  tubulin,  and  cyclin  D1  on  adjacent  slides. 
The  lesions  of  interest  were  circled  by  the  study  pathologist  (DV)  on  the  H&E  or  cyclin 
D1  stained  slides.  These  slides  were  then  scanned  using  a  digital  imaging  system.  The 
corresponding  area  was  marked  on  the  immunofluorescent  slide  stained  with  gamma 
tubulin  antibodies  to  facilitate  locating  the  lesion  at  high  magnification. 

Centrosome  amplification  was  seen  infrequently  in  non-proliferative  lesions  and  in 
proliferative  lesions  without  atypia.  However,  about  88%  of  atypical  hyperplasia  lesions 
had  detectable  centrosome  amplification  and  about  30%  had  moderate  to  considerable 
levels  of  centrosome  amplification  (see  Figures  5  and  6  below).  Thus,  centrosome 
amplification  is  seen  more  frequently  in  benign  lesions  having  the  highest  relative  risk  of 
developing  breast  cancer. 

This  is  the  first  quantitative  demonstration  of  centrosome  amplification  in  benign  lesions. 
These  pilot  data  demonstrate  that  centrosome  amplification  is  more  prevalent  in  atypical 
hyperplasia  lesions,  and  these  lesions  are  associated  with  the  highest  relative  risk  of 
developing  breast  cancer  (Lingle  W  et  al.  Centrosome  amplification  is  greatest  in  benign 
breast  lesions  associated  with  an  increase  in  risk  of  cancer.  San  Antonio  Breast  Cancer 
Symposium,  annual  meeting,  2006,  San  Antonio,  TX). 
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Figure  5.  Immunofluorescence  staining 
for  centrosomes  (red)  in  an  atypical 
hyperplasia.  Many  nuclei  (blue)  have 
more  than  2  centro-somes  associated 
with  them.  Normal  cells  have  1 
centrosome  during  G1  of  the  cell  cycle 
and  2  centrosomes  during  G2  of  the  cell 
cycle. 


Figure  6.  Each  bar  represents  the  average  centrosome  number  in  an  individual 
lesion.  More  than  one  centrosome  per  cell  on  average  is  found  in  88%  of 
atypical  hyperplasia  samples,  compared  to  only  9%  of  the  other  BBD  types.  The 
range  is  also  greater  in  atypical  hyperplasias. 


D.  Individual  biomarkers 

1.  COX-2.  COX-2  is  a  very  important  mediator  of  biologic  processes  during 
inflammation  and  cancer.  Through  work  of  our  UCSF  study  team  led  by  Dr.  Thea  Tlsty 
and  other  labs,  as  described  in  Section  III,  we  know  that  COX-2  expression  is  up- 
regulated  in  invasive  breast  cancer  and  also  in  ductal  carcinoma  in  situ.  We  sought  to 
detennine  if  increased  expression  occurred  a  step  earlier  —  namely  in  women  with  atypia 
—  and  if  the  presence  of  high  levels  of  COX-2  would  predict  which  women  with  atypia 
would  go  on  to  develop  breast  cancer.  In  fact,  we  found  that  moderate  to  strong  COX-2 
expression  is  associated  with  a  significantly  greater  likelihood  of  a  subsequent  breast 
cancer  in  women  with  atypia.  (See  figure  below).  For  women  whose  atypia  lesion 
exhibited  negligible  (0-1+)  staining,  their  likelihood  of  developing  breast  cancer  was  13% 
at  15  years  from  biopsy,  vs.  25%  for  those  with  3+  COX-2  staining  (Visscher  DW  et  al. 
Association  between  cyclooxygenase-2  expression  in  atypical  hyperplasia  and  risk  of 
breast  cancer.  JNCI.  2008;  1 00(6):42 1-7). 

Besides  its  potential  for  risk  prediction,  COX-2  represents  a  molecular  target  for 
chemoprevention  strategies.  COX-2  inhibitors  are  available  pharmaceutically  and  in  fact, 
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epidemiologic  studies  have  shown  that  women  who  have  taken  COX-2  inhibitors  for 
arthritis  have  a  lower  chance  of  developing  breast  cancer. 


Cox-2  Staining  in  Atypia 


Figure  7.  COX-2  staining  in  atypia.  Visscher  DW  et  al.  Association  between 
cyclooxygenase-2  expression  in  atypical  hyperplasia  and  risk  of  breast  cancer.  JNCI 
2008;  1 00(6):42 1  -7. 

2.  ER.  The  estrogen  receptor  is  essential  to  mediate  the  growth  regulatory  signals 
of  estrogen  in  normal  breast  tissue  and  serves  as  a  therapeutic  target  and  predictive 
factor  in  breast  cancer.  The  extent  of  ER  staining  in  a  well-characterized  cohort  of 
women  with  atypia,  to  our  knowledge,  has  not  yet  been  reported. 

We  used  the  Automated  Cellular  Imaging  System  III  (ACIS)  to  evaluate  the 
intensity  and  percent  ER  staining  in  23 1  women  with  atypia.  This  system  is  able  to 
provide  automated  quantification  of  biomarkers.  The  areas  of  atypia  were  identified 
by  the  study  pathologist  and  read  into  ACIS  with  reports  produced  for  each 
identified  area  of  interest.  The  preliminary  analysis  of  the  10  most  intensely  stained 
areas  showed  a  mean  of  56  percent  stained  cells  (standard  deviation  30.78,  range 
0.00  -  99.99).  The  mean  intensity  was  1 14  (standard  deviation  28.97,  range  0-206 
(possible  range  0  -256)).  A  linear  multivariate  mixed  model  examined  percent 
staining  and  intensity  differences  based  on  atypia  type  (lobular,  ductal),  cancer 
status,  and  year  of  biopsy  after  controlling  for  repeated  measures  within  a  woman. 
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This  initial  analysis  showed  a  stronger  staining  intensity  and  a  greater  percentage  of 
staining  of  atypical  ductal  hyperplasia  compared  to  atypical  lobular  hyperplasia 
(intensity:  ADH  mean  of  1 17.68,  standard  error  2.5224  and  ALH  mean  of  100.32, 
standard  error  2.4537,  p<0.0001;  percentage:  ADH  mean  of  64.1887,  standard  error 
2.7860  and  ALH  mean  of  44.2121,  standard  error  2.6720,  p<0.0001)  (Barr-Fritcher 
EG  et  al.  Estrogen  receptor  expression  in  atypical  hyperplasia  and  its  association 
with  type  of  atypia  and  age.  2009;  United  States  and  Canadian  Academy  of 
Pathology  annual  meeting).  We  have  completed  the  ER  assessments  for  all  areas  of 
atypia  and  are  currently  completing  our  analysis  of  these  data. 

3.  Ki67.  Multiple  studies  have  shown  that  breast  cancers  with  higher  proliferation  rates 
are  associated  with  worse  outcome.  Ki67  is  the  best  characterized  proliferation  marker. 
To  our  knowledge,  there  has  not  been  a  study  of  Ki67  in  the  setting  of  BBD  —  to  check 
for  association  with  the  later  development  of  breast  cancer. 

Figure  8:  Ki67  staining 


Benign  breast:  less  than  0.5%  of  cells 
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Benign  breast:  10%  of  cells  positive  for 
Ki67 


Here  we  show  the  results  in  a  group  of  192  women  with  BBD  with  all  samples  stained  for 
Ki67.  32  women  have  developed  breast  cancer. 
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Figure  9:  Ki67  stain  percentage  and  breast  cancer  incidence 


One  of  the  strengths  of  our  study  design,  namely  that  of  a  retrospective  cohort,  is  that  we 
have  long  follow  up  and  can  thus  evaluate  potential  time -varying  risk  factors  such  as 
proliferation.  Those  women  whose  atypias  had  a  higher  proliferative  component  (dotted 
line)  were  more  likely  to  develop  breast  cancer  within  the  first  10  years  following  their 
biopsy.  Those  with  fewer  proliferating  cells  were  still  at  increased  risk  for  breast  cancer, 
but  their  cancers  occurred  later,  after  10  years  following  the  biopsy. 

The  clinical  value  of  this  feature  is  as  follows:  if  we  focus  on  the  first  10  years  after  a 
biopsy  of  atypia,  we  see  that  there  is  a  distinct  difference  in  risk  between  those  women 
with  high  vs.  low  proliferation  in  their  sample.  If  there  is  low  proliferation,  the  woman’s 
risk  is  not  increased  above  that  of  normal  age  matched  women  within  the  first  10  years. 
This  is  exactly  the  type  of  information  we  need  to  stratify  women  into  different  risk 
groups  over  different  time  intervals. 
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III.  Discovery  -In Vitro  Culturings  and  Gene  Profiling  Studies 

A.  Culture  BBD  specimens  and  document  their  growth  characteristics 
Preliminary  growth  curves  and  characteristic  micrographs  on  14  samples  are  shown  in  the 
Figure  below.  Of  these  14  cell  culture  samples,  8  were  generated  from  breast  tissue  of 
pre-menopausal  women  and  the  remaining  5  from  post-menopausal  breast  tissue.  UCSF 
extracted  RNA  from  these  samples  and  reverse  transcribed  the  first  and  second  strand 
cDNA  using  Ambion  Message  Amp  kit. 


14days 


21  days 


35  days 


75  days 


DAYS  IN  CULTURE 


Figure  10. 


Representative  growth  curve  a  rid  micrographs  (4X)  of  BBD  samples  grown  in  culture. 


B.  Profde  BBD  specimens 

Epithelial  cells  were  isolated  and  propagated  from  disease-free  breast  tissue  and  tissue 
containing  BBD  to  determine  the  growth  kinetics  of  BBD  epithelial  cells.  All  BBD 
tissue  generated  two  epithelial  populations  with  distinct  growth  characteristics,  similar  to 
epithelial  cells  generated  from  disease-free  breast  tissue.  Briefly,  the  first  population  of 
human  mammary  epithelial  cells  (HMEC)  grows  in  culture  for  approximately  10-15 
population  doublings  before  reaching  an  irreversible  pi  6-dependent  growth  arrest  termed 
PI.  The  second  population,  variant  FIMEC  (vHMEC),  grew  in  culture  for  an  additional 
40-50  population  doublings  due  to  the  loss  of  pl6/Rb  signaling  before  reaching  a 
telomere-dependent  growth  arrest.  We  hypothesized  that  the  identification  of  molecular 
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alterations  that  accompany  the  extended  proliferative  capacity  of  the  vHMEC  population 
prior  to  telomere  attrition  and  genomic  instability  may  provide  potential  relevant 
biomarkers  of  risk.  To  this  end  we  analyzed  the  global  transcript  levels  of  nine  isogenic 
HMEC  and  vHMEC  populations.  Unsupervised  hierarchical  clustering  analysis 
identified  approximately  1240  genes  that  significantly  differentiated  the  two  populations 
on  the  basis  of  expression  patterns.  We  found  that  many  differentially  expressed  genes  in 
vHMEC  resembled  expression  of  genes  in  DCIS  and  invasive  cancer.  These  data  support 
the  utility  of  this  model  for  the  discovery  of  novel  biomarkers  for  risk  assessment.  We 
chose  a  subset  of  5 12  genes  that  robustly  stratified  the  two  groups  (figure  below).  Many 
of  the  differentially  expressed  genes  in  the  variant  population  are  known  E2F 
downstream  targets,  such  as  survivin,  forkhead  D 1 ,  BUB  1  and  Rad5 1 .  However,  many 
have  no  known  association  with  pl6/Rb  signaling,  suggesting  that  the  vHMEC  are  a 
unique  population  of  cells. 

Figure  11.  Profile  BBD  specimens 
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1.  COX-2.  COX -2  was  identified  as  one  of  the  most 
robustly  upregulated  genes  in  vHMEC.  The 
sustained  expression  of  COX-2  in  the  vHMEC 
population  was  an  intriguing  finding  because  COX-2 
is  a  stress  activated  gene  that  is  tightly  regulated  in 
normal  cells,  such  that  it  is  only  transiently  expressed 
in  response  to  cellular  stress.  This  finding  in  the 
vHMEC  cells  suggests  that  this  subpopulation 
exhibits  a  sustained  stress  response  compared  to  the 
majority  of  epithelial  cells.  We  find  that  HMEC 
(normal  primary  cells)  are  refractory  to  COX-2 
induction  in  response  to  exogenous  stress  induced  by 
inflammatory  cytokines,  DNA  or  microtubule 
damage,  and  oncogene-induced  stress  (adjacent 
figure).  This  differential  induction  of  COX-2  may 
reflect  a  potential  for  transformation  since  COX-2 
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Figure  12.  COX-2 
overexpression  in  response  to 
cellular  stress  identifies  a  pi  6 
silenced  population.  To 
determine  ii  pi 6  modulates 
the  response  to  cellular 
stress,  logarithmically  growing 
HMEC  and  vHMEC  were 
exposed  to  inflammatory 
cytokines  (TGF-p  and  IL-ip), 
DNA  or  microtubule  damaging 
agents  (doxorubicin  and 
paclitaxel,  respectively)  and 
viral  infection  with  oncogenic 
H-Ras.  Protein  lysates  were 
probed  for  COX-2  by  western 
blot.  HMEC  remain  refractory 
to  COX-2  expression 
compared  to  the  robust 
upregulation  in  pi 6  silenced 
vHMEC  in  response  to 
diverse  cellular  stressors. 


overexpression  is 
accompanied  by  phenotypes 
that  are  critically  relevant  to 
cancer  development,  such  as 
promoting  proliferation, 
invasion  and  angiogenesis 
as  well  as  inhibiting 
apoptosis  and  immune 
surveillance.  This 
hypothesis  is  supported  by 
our  observations  that  forced 
expression  of  COX-2  in 
HMEC  by  retroviral 
infection  produced  enlarged 
flattened  cells  that  were 
growth  arrested  (adjacent 
figure).  Cell  morphology 
and  proliferation  was  not 
altered  in  vHMEC 
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Figure  13.  COX-2  overexpression  differentially  induces  cell  arrest  in  HMEC  versus  vHMEC. 
To  determine  if  COX-2  overexpression  differentially  modulates  proliferation  in  p16  silenced 
cells,  HMEC  and  vHMEC  were  infected  with  retrovirus  containing  an  empty  vector  LXSP  or 
LXSP-COX-2.  Cells  collected  4-6  days  post  infection  were  visualized  by  phase  contrast 
microscopy  (A)  pulsed  with  Brdll  for  cell  cycle  analysis  (B).  COX-2  overexpression  was 
confirmed  by  western  blot  (A).  Overexpression  of  COX-2  in  HMEC  causes  the  upregulation 
of  pi  6,  p53  and  p21  (A)  leading  to  cell  cycle  arrest  (B).  In  contrast,  COX-2  constitutive 
expression  in  vHMEC  did  not  alter  protein  levels  of  p53  or  p21 ,  nor  was  the  cell  cycle 
distribution  significantly  altered. 


constitutively  expressing  COX-2.  We  find  that  the  molecular  changes  underlying  the 
differential  phenotypic  response  to  COX-2  overexpression  are  dependent  on  pl6/Rb 
signaling.  HMEC  overexpressing  COX-2  resulted  in  elevated  pi 6,  p53  and  p21  and 
downregulation  of  Rb  (see  figure).  This  is  in  contrast  to  pl6  silenced  vHMEC  where 
overexpression  of  COX-2  did  not  alter  the  level  of  p53  or  p21.  Thus,  in  normal  cells, 
COX-2  induces  a  cell  cycle  arrest  through  the  upregulation  of  pl6  and  p53  to  protect  cells 
from  inappropriate  oncogenic  signaling.  In  cells  that  have  lost  pl6/Rb  signaling,  COX-2 
overexpression  does  not  induce  a  growth  arrest.  We  argue  that  sustained  stress  activation 
in  the  absence  of  growth  arrest  defines  an  aberrant  stress  phenotype  that  may  set  the  stage 
for  carcinogenesis. 
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2.  pl6.  Our  in  vitro  model  demonstrated  an  inverse  relationship  between  p  16  and  COX- 
2  expression,  as  shown  in  this  figure.  This  finding  prompted  us  to  determine  if  loss  of 
pl6/Rb  was  sufficient  to  induce  COX-2  expression.  We  found  that  sequence  specific 
silencing  of  pl6  causes  COX-2  upregulation  and  provides  cells  with  a  proliferative 
advantage.  Although  genetic  downregulation  of  pl6  did  not  result  in  robust  COX-2 
upregulation,  cells  became  responsive  to  exogenous  induction  of  COX-2  by  TGF-P,  as 
shown.  Since  pl6  exerts  many  of  its  biological  effects  through  Rb,  we  determined  if 
induction  of  COX-2  is  mediated  through  Rb.  We  found  that  downregulation  of  Rb  by 
retroviral  infection  of  HMEC  with  the  human  papilloma  virus  E7  (HPV-E7)  caused  a 
robust  upregulation  of  COX-2  expression  and  sensitizes  cells  to  COX-2  induction  by 
exogenous  inducers  such  as  TGF-p.  The  absence  of  Rb  also  provided  a  proliferative 
advantage.  Thus,  loss  of  pl6  or  Rb  causes  the  upregulation  of  COX-2  and  provides  cells 
with  a  proliferative  advantage,  thereby  mimicking  the  aberrant  stress  phenotype  described 
previously  in  the  vHMEC  cells.  We  next  sought  to  determine  if  pl6/Rb  signaling  is 
clinically  significant. 

The  majority  of  normal  breast  tissue  is  devoid  of  p  1 6  immunostaining.  Specifically,  we 
observed  that  only  10%  of  disease-free  tissue  contains  >30%  of  the  lobules  positive  for 
pi 6.  This  is  in  contrast  to  either  pre-malignant  or  malignant  breast  lesions.  Twenty 
seven  percent  of  ADH  lesions  display  heterogeneous  immunostaining  for  pi 6,  a 
significant  upregulation  (P=0.05)  compared  to  normal  tissue.  This  level  of 
immunopositivity  and  heterogeneity  is  maintained  in  low,  intermediate  and  high  grade 
DCIS  lesions.  The  level  of  pl6  positivity  in  invasive  tumors  is  similar  to  that  observed  in 
DCIS.  However,  in  contrast  to  DCIS,  the  pattern  of  pl6  staining  in  invasive  tumors  is 
much  more  homogeneous. 


In  normal  cells  overexpression  of  pl6  causes  a  cell  arrest  that  acts  as  a  protective 
mechanism  in  response  to  diverse  cellular  stressors  or  inappropriate  mitogenic 
stimulation.  To  determine  if  the  upregulation  of  p  16  we  observe  during  pre-malignancy 
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Figure  14.  Loss  of  p16/Rb  signaling  correlates  with  proliferation  in  high  grade  DCIS  and  invasive  carcinoma. 
Representative  pi 6  immunostaining  in  normal  breast  tissue,  atypical  ductal  hyperplasia  (ADH),  low, 
intermediate  and  high  grade  ductal  carcinoma  in  situ  (DCIS)  and  invasive  carcinoma  are  illustrated.  The  bar 
graph  demonstrates  the  percent  positive  cases.  Box  blots  represent  the  correlation  between  pi  6 
immunopositivity  or  negativity  with  Ki67  for  each  tissue  type.  Note  that  pi  6  overexpression  correlates  with 
Ki67  in  high  grade  DCIS  and  invasive  carcinoma.  . 


is  accompanied  by  cell  arrest,  we  determined  the  relationship  between  p  1 6  and 
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proliferation  in  archival 
tissue  samples  (see 
figure).  The  lesions  that 
stained  positive  for  p  16 
in  normal  breast  tissue, 
ADH,  low  and 
intennediate  grade 
DCIS  showed  no 
relationship  with  Ki67. 
These  data  suggest  that 
pl6  may  be  functionally 
exerting  a  cell  cycle 
arrest  in  these  tissues. 

In  contrast,  high  grade 
DCIS  lesions  and 
invasive  tumors 
overexpressing  p  16  were 
correlated  with  elevated  Ki67  index  labeling.  The  finding  that  pl6  and  Ki67  are  linked  in 
high  grade  DCIS  and  invasive  breast  tumors  strongly  suggests  that  pl6-mediated 
regulation  of  cell  cycle  is  abrogated.  Therefore,  pl6  overexpression  in  high  grade  DCIS 
and  invasive  tumors  is  dysfunctional. 

We  reasoned  that  loss  of  pl6/Rb  signaling  may  cause  cells  to  become  refractory  to  stress- 
induced  growth  arrest  and  may  reflect  a  more  aggressive  phenotype.  To  determine  if  p  1 6 
overexpression  and  KI67  index  labeling  could  stratify  recurrent  from  non-recurrent  DCIS 
we  examined  a  series  of  70  DCIS  cases  with  known  outcome.  We  find  that  coupling  pl6 
and  Ki67  indeed  identifies  DCIS  cases  that  recur  (see  figure  15). 

To  further  pursue  these  observations,  we  have  stained  our  atypia  samples  for  p  16  by 
immunohistochemistry.  These  samples  have  been  read  by  the  Tlsty  team  at  UCSF  and 
final  analyses  are  currently  underway. 

C.  Profiling  of  involuted  vs.  noninvoluted  samples 

To  assess  the  feasibility  of  defining  biomarkers  from  paraffin-embedded  samples  in 
our  BBD  cohort,  we  obtained  RNA  from  patients  identified  as  noninvoluted  (N=8) 
and  involuted  (N=6),  matched  for  age  of  patient  and  year  of  biopsy.  We  performed 
profiling  analyses  using  DASL  whole  genome  microarray  chips.  Twelve  of  these 
fourteen  samples  (86%)  produced  excellent  expression  results  (for  each  of  these 
twelve,  more  than  65%  of  transcripts  had  a  detection-p-value  less  than  0.05, 
indicating  these  transcripts  were  detected).  The  remaining  two  samples  produced 
expression  results  too  poor  to  be  analyzed  (for  each  of  these  two,  more  than  50%  of 
transcripts  had  a  detection  p-value  greater  than  0.05  indicating  they  were  not 
detected).  A  heatmap  of  the  top  450  differentially  expressed  gene  expression 
profiles  shows  both  up  and  down  regulated  genes  which  may  be  useful  for 
segregating  the  involuted  from  noninvoluted  samples  (Figure  16a).  We  converted 
the  RNA  to  cDNA  and  assessed  expression  levels  by  quantitative  PCR  of  six 
transcripts  that  were  significantly  differentially  expressed  by  the  microarray  analysis 
between  involuted  and  noninvoluted  samples.  We  found  that  three  of  these  showed 
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Figure  15.  PI  6  and  Ki67  predict  DCIS  recurrence.  To  determine  if  pi  6 
overexpression  coupled  with  proliferation  could  stratify  recurrent  from 
non-recurrent  DCIS  we  examined  70  cases  immunostained  for  pi 6  and 
Ki67. 
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statistically  significant  differences  (p<0.05)  between  the  two  sample  groups  via  PCR 
(Figure  16b):  FANCD2,  a  homologue  of  FANCD1/BRCA2  that  has  been  associated 
with  increased  risk  of  sporadic  breast  cancer  (Barroso  E,  Milne  RL,  Fernandez  LP, 
Zamora  P,  Arias  JI,  Benitez  J,  Ribas  G:  FANCD2  associated  with  sporadic  breast 
cancer  risk.  Carcinogenesis  2006;  27(9):  1930-7),  CD34,  a  marker  of  hematopoetic 

stem/progenitor  cells,  fibroblasts,  and  vascular  cells  that  shows  decreased  expression 
in  breast  cancer,  and  WNT10A,  a  marker  previously  implicated  in  embryonic 
developmental  pathways  that  shows  decreased  expression  in  breast  cancer  (Kirikoshi 
H,  Inoue  S,  Sekihara  H,  Katoh  M:  Expression  of  WNT10A  in  human  cancer.  Int  J 
Oncol  2001;  19(5):997-1001).  We  evaluated  expression  of  these  proteins  by  IHC 
and  found  results  consistent  with  those  obtained  by  quantitative  RT-PCR  (Figure 
16c).  Thus,  we  show  that  we  can  successfully  identify  differentially  expressed  genes 
to  evaluate  as  potential  biomarkers  of  involution  from  FFPE  biopsies. 
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Figure  16.  (A)  Gene  expression  fingerprint  of  RNA  derived  from  FFPE  samples  of  patients 
identified  as  showing  complete  involution  (complete,  N=4)  or  no  involution  (noninvoluted,  N=8). 
(B)  Quantitative  PCR  analysis  of  three  transcripts  predicted  to  distinguish  complete  involuted  vs 
noninvoluted  patient  samples.  (C)  Immunohistochemistry  analysis  of  the  three  biomarkers  in 
complete  involuted  and  noninvoluted  biopsies.  Unpublished  data. 


IV,  Compare  BBD  in  African-American  vs.  Caucasian-American  women 

A  better  understanding  of  breast  cancer  risk  and  precursor  lesions  is  particularly 
important  in  the  African-American  population  as  these  women  are  diagnosed  at  a 
younger  age  and  tend  to  have  higher  grade  and  more  advanced  stages  than 
Caucasian-American  women.  African-American  women  also  experience  a 
significantly  higher  mortality  from  breast  cancer  than  Caucasian-American  women. 
Dr.  Hind  Nassar  has  read  the  histology  on  African-American  women  with  BBD 
diagnosed  at  Wayne  State  University/Karmanos  Cancer  Institute  between  1/1/1998 
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and  12/31/2000.  All  women  were  between  18  and  85.  Exclusions  are  the  same  as 
those  for  the  Mayo  cohort  and  include  a  history  of  invasive  or  in  situ  breast 
carcinoma  prior  to,  or  within  six  months  of  the  benign  breast  biopsy,  unilateral  or 
bilateral  mastectomy  prior  or  at  diagnosis,  breast  reduction  and  the  following 
histologies:  lipoma,  fat  necrosis,  epidermal  cysts,  hematoma,  accessory  structure, 
phyllodes  tumor,  lymph  node  with  no  breast  tissue.  The  resulting  sample  included 
1,126  African-American  women,  with  a  mean  age  at  time  of  biopsy  of  47.8  years 
(SD  =  13.92).  Breast  cancer  has  been  identified  thus  far  in  32  women  (2.8%)  at  a 
mean  follow-up  of  8.9  years  (SD  =  2.13).  Our  findings  thus  far  are  that  African- 
American  women  are  younger  at  diagnosis  and  have  more  nonproliferative  and  mass 
forming  lesions  than  Caucasian-American  women.  Additionally,  lobular  involution 
appears  to  occur  at  a  slower  rate  in  African-American  women  than  Caucasian- 
American  women. 


V.  Assess  accuracy  of  Gail  model. 

The  Gail  model  is  currently  the  main  tool  used  in  the  clinical  setting  for  risk 
assessment  in  patients  with  atypia.  This  occurs  despite  the  fact  that  the  Gail  model 
has  not  been  validated  in  this  group  of  patients.  Thus,  we  evaluated  the  Gail  model 
in  our  group  of  women  with  atypia.  We  used  this  model  to  predict  5  year  and 
follow-up  specific  risks  for  each  woman  and  compared  the  Gail  model  predictions  to 
actual  observed  breast  cancers  in  the  group.  Considering  all  women  with  atypia,  the 
Gail  model  over-estimated  the  number  of  breast  cancers  that  would  occur  in  the  first 
5  years  after  biopsy  (12.8  predicted,  8  occurred).  However,  when  using  all  years  of 
available  follow-up  for  the  group,  the  Gail  model  underestimated  the  risk  of  breast 
cancer  in  women  with  atypia  (Gail  model  predicted  31.7  breast  cancers  while  58 
occurred).  Additionally,  we  found  the  concordance  between  Gail  model  individual- 
specific  predicted  outcomes  and  observed  outcomes  to  be  0.50  (95%  Cl  0.44  -  0.55), 
no  better  than  chance  alone.  As  shown  in  the  figure  below,  the  Gail  model 
predictions  for  the  58  women  with  atypia  who  developed  breast  cancer  (cases)  were 
superimposed  on  those  of  the  273  women  who  did  not  develop  breast  cancer 
(noncases).  This  has  obvious  implications  for  clinical  practice.  Healthcare  providers 
should  be  cautious  when  using  the  Gail  model  in  counseling  patients  with  atypia 
regarding  their  risk  of  developing  breast  cancer. 
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Figure  17.  Distributions  of  Gail  model  risk  probabilities.  Plot  contains  estimates  for 
individualized  risk  at  the  end  of  the  available  follow-up.  As  risk  predictions  depend 
on  age  at  BBD,  and  length  of  follow-up,  the  risk  predictions  were  corrected  for  these 
factors  prior  to  comparison. 


Gail  Risk  Prediction  at  13.7  Years  of  Follow-up 


VI.  Establish  a  relational  database 

We  created  a  Sybase  database  to  track  tissue  samples(paraffin  embedded  blocks,  tissue 
slides  and  pieces  of  tissue)  as  they  are  moved  between  laboratory  locations  and  to 
manage  the  biomarker  result  data.  A  web-based  interface  to  this  database  has  been 
created.  All  samples  (individually  or  in  boxes)  are  tracked  using  bar  codes.  The  interface 
allows  users  to  scan  the  bar  code  of  the  sample  labels  and  enter  infonnation  as  they 
perform  a  task  such  as  moving  a  sample,  creating  a  slide,  or  entering  laboratory  results. 

The  process  begins  as  the  information  on  the  paraffin  blocks  is  stored  in  the  database. 
These  blocks  are  inserted  into  barcode  labeled  boxes  which  are  scanned  whenever  they 
are  moved  to  a  new  location.  In  a  processing  laboratory,  the  blocks  are  cut  and  the  tissue 
slices  are  affixed  to  barcode  labeled  slides  or  -  for  very  thick  slices  -  placed  into  vials. 
The  slides  are  scanned  as  they  are  put  into  slide  boxes.  The  boxes  in  turn  are  scanned  as 
they  move  to  new  locations  and  when  identical  laboratory  procedures  (e.g.,  a  tissue  stain) 
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are  done  to  all  samples  in  the  boxes.  Each  activity  is  stored  in  the  database  along  with 
the  time  of  the  activity  and  the  identification  number  of  the  person  who  performed  the 
activity. 

At  the  time  of  sample  analysis,  the  physician,  researcher  or  laboratory  technician  scans 
the  samples  and  uses  the  same  web-based  application  to  enter  the  results  of  the  analysis. 
All  results  and  transactional  information  are  stored  in  the  database  and  available  for 
statistical  analysis. 

The  database  server  software  is  the  current  Sybase  relational  database  management 
system.  The  data  model  was  created  and  managed  with  Sybase  PowerDesigner.  The 
users  will  access  the  database  via  the  Mayo  internal  web  using  programs  written  in  Cold 
Fusion.  The  data  analysts  will  access  the  database  using  connections  to  the  SAS  statistics 
analysis  system.  ODBC  connections  are  used  to  connect  web  forms  and  the  SAS  system 
to  the  database. 

The  components  of  the  database  are  pictured  in  the  figure  below.  The  central  table  in  the 
database  is  the  "sample"  table  which  contains  links  to  most  of  the  other  tables  such  as  the 
"patient"  table  (containing  patient  infonnation)  ,  the  "block"  table  (containing 
information  about  the  paraffin  block  from  which  the  sample  was  cut),  the  "box"  table 
(showing  the  current  location  of  the  sample),  the  "stain"  table  (showing  stains  done  to  the 
sample),  the  "results"  table  (containing  the  results  of  many  types  of  tests  done  to  each 
sample)  and  the  "fishrslt"  table  (a  table  for  FISH  results).  Most  of  these  secondary  tables 
contain  links  to  descriptive  tables,  such  as  the  "location"  table  and  the  "test  type"  table, 
which  manage  the  drop-down  selection  boxes  in  the  web  pages. 
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Figure  18 :  Relat ional  database 
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VII.  Key  research  accomplishments 

•  We  created  a  retrospective  cohort  of  women  with  BBD  that  can  support  tissue- 
based  risk  prediction  strategies.  Tissue-based  features  that  are  strongly  associated 
with  risk  of  breast  cancer  may  signal  processes  and/or  mediators  that  are  central  to 
the  process  of  breast  carcinogenesis. 

•  We  identified  the  degree  of  risk  associated  with  the  common  benign  epithelial 
entities  and  the  extent  to  which  age  at  biopsy  and  family  history  influence  the  risk 
of  breast  cancer  in  women  with  proliferative  or  atypical  lesions.  The  highest  risk 
was  among  women  who  had  proliferative  disease  with  atypia,  especially  those  of 
younger  age  (Hartmann  et  ah,  NEJM,  2005). 

•  We  identified  a  marked  increased  risk  of  breast  cancer  in  women  with  three  or 
more  foci  of  atypia,  especially  for  three  or  more  foci  with  calcifications.  Also, 
risk  was  higher  in  women  diagnosed  with  atypical  hyperplasia  before  age  45. 
Among  women  with  atypia,  risk  was  not  affected  by  family  history  (Degnim  et  al, 
JCO,  2007). 

•  We  identified  that  a  single  papilloma  without  atypia  imparts  an  increased  risk  of 
developing  a  subsequent  carcinoma  similar  to  other  forms  of  proliferative  breast 
disease  without  atypia.  Atypical  papilloma,  particularly  in  the  setting  of  multiple 
papillomas,  imparts  a  breast  cancer  risk  similar  to  or  greater  than  conventional 
atypical  ductal/lobular  hyperplasias  (Lewis  et  al,  Am  J  Surg  Pathol,  2006). 

•  We  identified  that  the  extent  of  lobular  involution  in  breast  tissue  is  an  important 
risk  indicator  for  the  development  of  breast  cancer.  Increasing  degrees  of 
involution  result  in  a  significant  reduction  in  breast  cancer  risk,  even  in  women  at 
“high  risk”  based  on  atypia  or  young  age  (Milanese  et  al.,  JNCI,  2006). 

•  We  found  that  intense  COX-2  expression  is  associated  with  a  significantly  greater 
likelihood  of  a  subsequent  breast  cancer  in  women  with  atypia  and  represents  one 
potential  molecular  target  for  chemoprevention  strategies  (Visscher  et  al.,  JNCI, 
2008). 

•  We  found  no  increased  breast  cancer  risk  for  women  with  radial  scars  compared 
to  the  risk  already  present  due  to  proliferative  disease  with  or  without  atypia 
(Berg  et  al.,  Breast  Cancer  Res  Treat,  2008). 

•  We  identified  that  centrosome  amplification  is  seen  more  frequently  in  higher  risk 
benign  lesions  (e.g.  atypia)  and  is  infrequently  seen  in  non-proliferative  lesions 
and  in  proliferative  lesions  without  atypia  (Lingle  et  al.,  American  Association  for 
Cancer  Research,  2005). 

•  We  found  the  Gail  model  to  predict  no  better  than  chance  alone  the  breast  cancer 
risk  of  women  with  atypia.  The  model  significantly  underestimated  lifetime  risk 
of  our  cohort  of  women  with  atypia  (Pankratz  et  al.,  JCO,  2008). 
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•  We  found  Ki67,  a  proliferation  marker,  to  be  predictive  of  risk  after  a  benign 
breast  biopsy.  Those  women  who  had  higher  proliferation  rates  were  more  likely 
than  those  with  low  proliferation  to  develop  breast  cancer  within  the  first  10  years 
after  benign  biopsy.  Conversely,  if  there  is  low  proliferation,  breast  cancers  tend 
to  occur  later,  after  10  years  of  follow-up  (Manuscript  under  review). 

•  We  have  helped  to  develop  a  retrospective  cohort  of  African-American  women 
with  BBD  at  Wayne  State  University.  Our  findings  thus  far  are  that  African- 
American  women  are  younger  at  diagnosis  and  have  more  nonproliferative  and 
mass  forming  lesions  than  Caucasian- American  women.  Additionally,  lobular 
involution  appears  to  occur  at  a  slower  rate  in  African-American  women  than 
Caucasian- American  women  (United  States  and  Canadian  Academy  of  Pathology, 
2009). 

•  We  found  that  measurements  of  lobular  involution  are  highly  consistent  across 
multiple  areas  of  a  woman’s  breast  (Vierkant  et  al.,  Breast  Cancer  Res  Treat, 
2008). 

•  We  developed  more  quantitative  measurements  of  lobular  involution  status  to 
provide  more  objective  assessment  methods  and  to  more  precisely  identify  the 
extent  of  involution  (McKian  et  al.,  JCO,  2009). 

•  To  continue  our  work,  we  received  an  R01  fall  2008:  Risk  prediction  for  breast 
cancer:  a  tissue  based  strategy  which  builds  on  the  Center  of  Excellence  work. 
The  R01  funding  is  for  5  years. 

VIII.  Reportable  outcomes 

A.  Presentations 

Poster  presentation  at  the  annual  meeting  of  the  American  Association  for  Cancer 
Research,  April  2003 

•  Hartmann  LC,  Visscher  D,  Reynolds  C,  Frost  MH,  Melton  LJ,  Vachon  C,  Tlsty  T, 

Hillman  D,  Johnson  JL,  Lingle  WL,  Suman  V,  Sellers  TA.  Benign  breast  disease  and 

breast  cancer  risk. 

Poster  presentation  at  the  annual  meeting  of  the  American  Association  for  Cancer 
Research,  Orlando,  FL,  March  2004 

•  Hartmann  LC,  Visscher  D,  Frost  MH,  Melton  LJ,  Vachon  C,  Couch  F,  Shridhar 
V,  Ghosh  K,  Degnim  A,  Hillman  D,  Suman  V,  Vierkant  RA,  Maloney  SD,  Pankratz  VS, 
Tlsty  T,  Sellers  TA,  Lingle  WL.  Benign  breast  disease  and  breast  cancer  risk. 

Podium  presentation  at  annual  meeting  of  the  United  States  and  Canadian  Academy 
of  Pathology.  February  29,  2005  in  San  Antonio,  Texas 

•  Lewis,  JT,  Vierkant  RA,  Maloney  SD,  Hartmann  LC,  Visscher  DW.  Analysis  of 
cancer  risk  among  patients  with  papillary  lesions  of  the  breast 
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Podium  presentation  at  Society  of  Surgical  Oncology  Annual  Cancer  Symposium, 
March  3-6,  2005  in  Atlanta,  Georgia 

•  Degnim,  AC,  Visscher  D,  Frost  MH,  Melton  LJ,  Vierkant  RA,  Maloney  SD, 
Pankratz  VS,  Sellers  TA,  Lingle  WL,  Hartmann  LC.  Multifocal  atypia  confers  increased 
risk  of  breast  cancer 

Poster  presentation  at  annual  meeting  of  American  Association  for  Cancer 
Research,  April  16-20,  2005  in  Anaheim,  California 

•  Hartmann  LC,  Sellers  TA,  Frost  MH,  Lingle  WL,  Degnim  AC,  Ghosh  K, 
Vierkant  RA,  Maloney  SD,  Pankratz  VS,  Hillman  DW,  Suman  VJ,  Johnson  J,  Blake  C, 
Tlsty  T,  Vachon  CM,  Melton  LJ,  Visscher  DW.  Benign  breast  disease  and  breast  cancer 
risk  in  the  Mayo  Cohort  Study 

Symposium  and  poster  presentations  at  the  Department  of  Defense  Era  of  Hope 
June  10,  2005  in  Philadelphia,  Pennsylvania 

•  Degnim  AC,  Visscher  D,  Frost  MH,  Melton  LJ,  Vierkant  RA,  Maloney  SC, 
Pankratz  VS,  Sellres  TA,  Lingle  WL,  Tlsty  T,  Berman  H,  Hartmann  LC.  Multifocal 
atypia  confers  increased  risk  of  breast  cancer 

•  Ghosh  K,  Hartmann  LC,  Sellers  TA,  Degnim  AC,  Pankratz  VS,  Blake  C,  Tlsty  T, 
Melton  LJ,  Visscher  DW.  Temporal  changes  in  benign  breast  disease  1967  to  1991 

•  Hartmann  LC,  Frost  MH,  Ghosh  K,  Degnim  A,  Vierkant  RA,  Maloney  SD, 
Pankratz  VS,  Tlsty  T,  Blake  C,  Sellers  TA,  Lingle  WL,  Melton  J,  Visscher  DW.  Benign 
breast  disease  and  breast  cancer  risk 

•  Hartmann  LC,  Degnim  A,  Frost  MH,  Vierkant  RA,  Maloney  SD,  Sellers,  TA, 
Pankratz  VS,  Tlsty  T,  Blake  C.  Lingle  WL,  Visscher  DW.  Benign  breast  disease: 
evidence  for  precursor  lesions 

•  Pankratz  VS,  Vierkant  RA,  Maloney  SD,  Degnim  AC,  Hartmann  LC.  Statistical 
methods  to  assess  the  timing  and  side  of  breast  cancer  relative  to  benign  breast  biopsies: 
implications  for  potential  precursor  lesions 

Podium  presentation  at  annual  meeting  of  the  United  States  and  Canadian 
Academy  of  Pathology,  Atlanta,  GA,  Feb.  11-17,  2006 

•  Milanese  TR,  Hartman  LC,  Vierkant  RA,  Maloney  SD,  Frost  MH,  Pankratz 
VS,  Visscher  DW.  The  impact  of  lobular  involution  on  breast  cancer  risk. 

Poster  presentation  at  annual  meeting  of  the  United  States  and  Canadian 
Academy  of  Pathology,  Atlanta,  GA,  Feb.  11-17,  2006 

•  Berg  JC,  Lewis  JT,  Maloney  SD,  Vierkant  RA,  Hartmann  LC,  Visscher  DW. 
Analysis  of  cancer  risk  in  women  with  radial  scars  of  the  breast. 

Podium  presentation  at  annual  meeting  of  American  Association  for  Cancer 
Research,  Washington,  D.C.,  April  1-5,  2006 

•  Hartmann  LC,  Lingle  WL,  Frost  MH,  Maloney  SD,  Vierkant  RA,  Pankratz  VS, 
Tlsty  T,  Degnim  AC,  Visscher  DW.  COX-2  expression  in  atypia:  Correlation  with 
breast  cancer  risk. 
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Poster  presentation  at  American  Association  of  Cancer  Research,  Washington 
DC,  April  1-5,  2006. 

•  Pankratz  VS,  Vierkant  RA,  Maloney  SD,  Frost  MH,  Visscher  DW,  Hartmann 
LC.  Assessment  of  the  Gail  model  in  a  cohort  of  women  with  atypical  hyperplasia. 

Poster  presentation  at  Joint  Statistical  Meetings,  Minneapolis,  MN,  August  10, 
2006. 

•  Pankratz  VS,  Vierkant  SD,  Maloney  SD,  Hartmann  LC.  Epidemiologic 
comparisons  of  disease  incidence  among  populations:  The  person-years  approach. 

Poster  presentation  at  29th  Annual  San  Antonio  Breast  Cancer  Symposium,  San 
Antonio,  TX,  December  16,  2006. 

•  Ghosh  K,  Hartmann  LC,  Maloney  D,  Vierkant  RA,  Milanese  TM,  Visscher 
DW,  Pankratz  VS,  Vachon  CM.  Mammographic  breast  density  is  inversely 
associated  with  age-related  involution. 

•  Hartmann  LC,  Milanese  TR  Sellers  TA,  Frost  MH,  Vierkant  RA,  Maloney 
SD,  Pankratz  VS,  Degnim  AC,  Vachon  CM,  Reynolds  CA,  Thompson  RA,  Melton 
LJ,  Goode  EL,  Visscher  DW.  Age-related  lobular  involution  and  risk  of  breast 
cancer. 

Poster  presentation  at  the  annual  meeting  of  the  American  Association  for 
Cancer  Research,  April  2005 

•  Lingle  W,  Negron  V,  Bruzek  A,  Murphy  L,  Riehle  D,  Vierkant  RA,  Pankratz 
VS,  Hartmann  LC,  Visscher  DW.  Centrosome  amplification  is  greatest  in  benign 
breast  lesions  associated  with  an  increase  in  risk  of  cancer. 

Poster  presentation  at  American  Society  of  Clinical  Oncology’s  Breast  Cancer 
Symposium,  San  Francisco,  CA,  September  2007. 

•  Boughey  JC,  Hartmann  LC,  Degnim  AC,  Vierkant  RA,  Ghosh  K,  Vachon 
CM,  Maloney  SD,  Reynolds  C,  Pankratz  VS.  Assessment  of  the  accuracy  of  the 
Gail  model  in  women  with  atypical  hyperplasia. 

Poster  presentation  at  Society  of  Clinical  Oncologists  Breast  Cancer 
Symposium,  Washington  D.C.,  Spetember  6,  2008. 

•  McKian  KP,  Reynolds  CA,  Vierkant  RA,  Anderson  SS,  Frost  MH,  Pankratz 
VS,  Visscher  DW,  Nassar  A,  Hartmann  LC.  A  novel,  tissue -based  feature  strongly 
associated  with  breast  cancer  risk. 

Podium  presentation  at  San  Antonio  Breast  Cancer  Symposium,  San  Antonio, 
TX,  December  10-14,  2008. 

•  Ghosh  K,  Pankratz  VS,  Reynolds  CA,  Vierkant  RA,  Anderson  SS,  Degnim 
AC,  Visscher  DW,  Frost  MH,  Vachon  CM,  Hartmann  LC.  Benign  breast  disease 
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Frost  M,  Visscher  DW,  Reynolds  C.  Estrogen  receptor  expression  in  atypical 
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Annual  Meeting,  Boston,  MA,  March  2009. 

•  Sharafeldeen  B,  Hayek  K,  Frost  M,  Hartmann  L,  Visscher  D,  Nassar. 

Benign  breast  disease  in  African-American  women 

•  Visscher  DW,  Vierkant  R,  Reynolds  C,  Anderson  S,  Hartmann  L.  Clinical 
analysis  of  mucocele-like  tumors  of  the  breast:  analysis  of  a  large  benign  breast  disease 
cohort. 
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LC.  Breast  cancer  risk  in  women  with  radial  scars  in  benign  breast  biopsies.  Breast 
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RA.  Lingle  WL.  Frost  MH.  Hartmann  LC.  Association  between  cyclooxygenase-2 
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•  Pankratz  VS,  Hartmann  LC,  Degnim  AC,  Vierkant  RA,  Ghosh  K,  Vachon  CM, 
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Gail  Model  in  women  with  atypical  hyperplasia.  Journal  of  Clinical  Oncology 
2008;26(33):5374-9. 

•  Vierkant  RA,  Hartmann  LC,  Pankratz  VS,  Anderson  SS,  Radisky  D,  Frost  MH, 
Vachon  CM,  Ghosh  K,  Distad  TJ,  Degnim  AC,  Reynolds  CA.  Lobular  involution: 
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•  McKian  KP,  Reynolds  CA,  Visscher  DW,  Nassar  A,  Radisky  DC,  Vierkant  RA, 
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Risk  of  Breast  Cancer  2009  Accepted  for  publication  JCO 


Conclusions 

The  Center  of  Excellence  grant  provided  us  the  opportunity  to  establish  a  large  cohort  of 
women  with  BBD  and  to  establish  a  tissue  and  data  bank  that  includes  benign  tissue, 
subsequent  breast  cancer  tissue,  and  clinical-epidemiologic  data.  We  worked  with  Dr. 
Nassar  to  establish  a  cohort  of  African-American  women  at  Wayne  State  University  and 
with  Dr.  Tlsty’s  team  at  UCSF  to  advance  basic  discoveries.  We  were  able  to  make  some 
substantial  contributions  to  our  understanding  of  features  present  in  breast  tissue  that  are 
associated  with  later  breast  cancer.  The  most  notable  of  these  contributions  were  the 
identification  of  relative  risk  related  to  non-proliferative  disease,  proliferative  disease 
without  atypia  and  proliferative  disease  with  atypia  published  in  the  NEJM  and  the 
significance  of  involution  in  relation  to  breast  cancer  risk  published  in  JNCI.  Our  data 
showed  that  women  with  atypia  have  a  relative  risk  of  4.24  compared  to  age-matched 
women  from  the  Iowa  SEER  database.  Novel  data  about  involution  was  particularly 
striking  because  of  its  strong  relationship  with  subsequent  breast  cancer  and  the  fact  that 
it  can  be  detennined  using  a  single  slide  of  tissue.  We  identified  several  biomarkers  of 
notable  significance  in  predicting  breast  cancer  risk,  including  COX-2  and  Ki-67.  We 
successfully  grew  fresh  breast  tissue  and  used  that  tissue  to  identify  new,  potential 
markers  of  interest.  We  also  successfully  profiled  tissue  that  had  been  stored  for  up  to  25 
years  in  paraffin.  We  contrasted  histology  findings  between  African-American  and 
Caucasian- American  women,  finding  involution  to  occur  at  a  slower  rate  in  African- 
American  women.  We  examined  the  usefulness  of  the  Gail  model  for  women  with 
atypical  hyperplasia.  We  found  this  model  to  underestimate  the  risk  of  breast  cancer  in 
women  with  atypia.  On  an  individual  basis,  the  Gail  model  perfonned  no  better  than 
chance  alone  in  women  with  atypia.  We  successfully  obtained  an  R01  for  further  risk 
prediction  work.  The  combination  of  findings  obtained  through  the  Center  of  Excellence 
grant  provides  rich  data  for  future  research. 
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Poster  Presentation:  American  Association  for  Cancer  Research,  Annual  Meeting,  2003. 

Benign  Breast  Disease  and  Breast  Cancer  Risk.  LC  Hartmann1,  D  Visscher1,  C 
Reynolds1,  MH  Frost1,  LJ  Melton1,  C  Vachon1,  T  Tlsty2,  D  Hillman1,  JL  Johnson1,  WL 
Lingle1,  V  Suman1,  TA  Sellers1. 

1  Mayo  Clinic  Cancer  Center,  Rochester,  MN 

2  University  of  California,  San  Francisco,  CA 

Introduction:  Benign  breast  disease  (BBD)  is  an  established  risk  factor  for  breast 
cancer  (BC),  but  only  a  minority  of  women  with  BBD  ultimately  develop  BC.  The  ability 
to  identify  the  subset  of  women  at  greatest  risk  for  breast  cancer  at  the  time  of  BBD 
diagnosis  would  permit  more  aggressive  clinical  intervention,  including  closer 
surveillance  and  prevention  opportunities.  To  facilitate  this  discovery  process,  we  have 
established  a  large  historical  cohort  of  women  with  BBD  in  which  we  can  test  more 
specific  means  of  risk  prediction,  using  clinical,  histopathologic  and  molecular  tools. 
Methods:  The  Mayo  Clinic  Surgical  Index  was  used  to  identify  all  women  who  had  an 
open  breast  biopsy  with  benign  findings  at  the  Mayo  Clinic  between  1/1/82  and  12/31/91 
(n  =  5153).  The  availability  of  tissue  slides  and  blocks  on  these  patients  was  verified 
through  linkage  to  the  Pathology  Index.  Medical  record  review  was  performed  to  verify 
eligibility  and  to  identify  subsequent  occurrences  of  breast  cancer  diagnosed  or  treated 
at  Mayo.  A  study-specific  questionnaire  was  mailed  to  collect  risk  factor  data  on  the 
cohort  and  to  identify  breast  cancers  diagnosed  outside  of  Mayo. 

Results:  This  10-year  cohort  includes  5153  women  with  66,290  person  years  of  follow¬ 
up  (through  2/02).  The  median  age  at  BBD  diagnosis  was  54  years  (13-94),  and  41% 
were  age  50  or  less.  Some  family  history  of  breast  cancer  was  present  in  32%,  while 
17%  had  an  affected  first-degree  relative.  Thus  far,  255  women  are  known  to  have 
developed  BC.  The  interval  from  BBD  to  BC  is:  <  5  yrs,  33.7%;  5.1-10  yrs,  34.5  %;  10.1- 
15  yrs,  27.5%;  >  15  yrs,  4.3%.  The  cancer  occurred  in  the  same  breast  as  the  BBD  in 
125  women  (49%),  the  opposite  breast  in  84  (32.9%),  and  both  breasts  in  10  (3.9%). 
Side  of  BC  is  pending  for  36  (14%)  women.  The  estimated  5-year,  10-year  and  15-year 
breast  cancer  incidence  rates  are  1.8%  (95%CI:  1. 4-2.1%),  3.6%  (95%CI:  3. 1-4.2%), 
and  5.8%  (95%CI:  5. 1-6.5%),  respectively.  Incorporating  time  from  BBD  to  cancer  and 
the  side  of  BBD  vs  BC,  we  are  exploring  a  panel  of  biomarkers  as  indicators  of  possible 
BC  precursors  or  a  background  field  change. 

Conclusions:  We  have  assembled  a  large  cohort  of  patients  with  BBD  with  extensive 
follow-up  for  breast  cancer,  excellent  participation  on  a  risk  factor  survey,  and  sufficient 
quantities  of  well-characterized  tissues  to  permit  independent  evaluation  of  established 
and  novel  molecular  markers. 

Supported  by  grants  from  the  national  Komen  Foundation,  the  Breast  Cancer  Research 
Foundation,  and  DOD  Breast  Cancer  Center  of  Excellence  award  DAMD  17-02-1-0473. 
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Poster  Presentation:  American  Association  for  Cancer  Research,  Annual  Meeting,  March 
27-31,2004,  Orlando,  FL. 

Benign  Breast  Disease  and  Breast  Cancer  Risk.  LC  Hartmann1,  D  Visscher1,  MH 
Frost1,  LJ  Melton1,  C  Vachon1,  F  Couch1,  V  Shridhar1,  K  Ghosh1,  A  Degnim1,  D  Hillman1, 
V  Suman1,  RA  Vierkant1,  SD  Maloney1,  VS  Pankratz1,  T  Tlsty2,  TA  Sellers3,  WL  Lingle1. 

^ayo  Clinic  Cancer  Center,  Rochester,  MN 
2University  of  California,  San  Francisco,  CA 
3Moffitt  Cancer  Center,  Tampa,  FL 

Introduction:  Benign  breast  disease  (BBD)  is  an  established  risk  factor  for  breast 
cancer  (BC),  but  only  a  minority  of  women  with  BBD  ultimately  develop  BC.  To  identify 
the  subset  of  women  at  greatest  risk  for  breast  cancer  at  the  time  of  BBD  diagnosis,  we 
have  established  a  large  historical  cohort  of  women  with  BBD  in  which  we  can  test  more 
specific  means  of  risk  prediction,  using  clinical,  histopathologic  and  molecular  tools. 
Methods:  The  Mayo  Clinic  Surgical  Index  was  used  to  identify  all  women  ages  18-85 
who  had  an  open  breast  biopsy  with  benign  findings  at  the  Mayo  Clinic  between  1/1/67 
and  12/31/91.  The  availability  of  tissue  slides  and  blocks  on  these  patients  was  verified 
through  linkage  to  the  Pathology  Index.  Medical  record  review  was  performed  to  verify 
eligibility  and  to  identify  subsequent  occurrences  of  breast  cancer  diagnosed  or  treated 
at  Mayo.  A  study-specific  questionnaire  is  being  used  to  collect  risk  factor  data  on  the 
cohort  and  to  identify  breast  cancers  diagnosed  outside  of  Mayo. 

Results:  This  25-year  cohort  includes  1 1,782  women  with  181,284  person  years  of 
follow-up.  The  median  age  at  BBD  diagnosis  was  50.0  years.  Some  family  history  of 
BC  was  present  in  40%  of  those  surveyed;  21%  had  an  affected  first-degree  relative. 

Thus  far,  705  women  are  known  to  have  developed  BC,  at  a  median  of  9.2  years  after 
their  BBD.  The  interval  from  BBD  to  BC  is  <=  5  years,  27%;  5.1  -  10  years,  26%;  10.1- 
15  years,  24%;  >15  years,  23%.  The  cancer  occurred  in  the  same  breast  as  the  BBD  in 
279  women  (40%),  the  opposite  breast  in  189  (27%)  and  both  breasts  in  18  (3%).  Side  is 
pending  for  219  (31%).  The  estimated  5-yr,  10-yr  and  15-yr  BC  incidence  rates  are 
2.0%,  4.1%,  and  6.4%,  respectively  for  women  with  BBD  from  1982-1991  (follow-up 
ongoing  for  1967-81  group).  The  histopathologic  review  has  been  completed  for  3,004 
of  the  BBD  specimens.  Non-proliferative  disease  was  found  in  65.8%,  proliferative 
disease  without  atypia  in  28.6%  and  atypia  (atypial  ductal  hyperplasia  or  atypial  lobular 
hyperplasia)  in  3%.  Incorporating  time  from  BBD  to  BC,  histology,  and  side  of  BBD  vs 
BC,  we  are  exploring  a  panel  of  biomarkers  as  indicators  of  possible  BC  precursors  or  a 
background  field  change. 

Conclusions:  We  have  assembled  a  large  cohort  of  patients  with  BBD  with  extensive 
follow-up  for  breast  cancer,  excellent  participation  on  a  risk  factor  survey,  and  sufficient 
quantities  of  well-characterized  tissues  to  permit  independent  evaluation  of  established 
and  novel  molecular  markers. 

Supported  by  grants  from  the  national  Komen  Foundation,  the  Breast  Cancer  Research 
Foundation,  and  DOD  Breast  Cancer  Center  of  Excellence  award  DAMD  17-02-1-0473. 
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Podium  Presentation:  United  States  and  Canadian  Academy  of  Pathology,  Annual 
Meeting,  February  28,  2005,  San  Antonio,  TX. 

Analysis  of  Cancer  Risk  among  Patients  with  Papillary  Lesions  of  the  Breast 

JT Lewis,  RA  Vierkant,  SD  Maloney,  LC Hartmann,  DW  Visscher.  Mayo  Clinic, 
Rochester,  MN 


Background:  Papillomas  are  relatively  common  breast  lesions.  Although  most  are  single 
and  histologically  bland,  they  may  be  multiple  and  demonstrate  varying  degrees  of 
atypia.  The  risk  of  breast  carcinoma  development  in  patients  with  benign  papillary  breast 
lesions  is  incompletely  defined. 

Design:  Papillary  breast  lesions  were  identified  in  a  histopathologically-defined  benign 
breast  disease  cohort  of  8872  patients  biopsied  between  1967-1991.  Cases  were 
subclassified  into  four  groups:  single  papilloma  without  atypia,  single  papilloma  with 
atypia,  multiple  (>3)  papillomas  without  atypia,  and  multiple  papillomas  with  atypia. 
Using  Cox  proportional  hazards  regression,  the  risk  of  cancer  development  among  these 
groups  was  compared  to  patients  with  other  forms  of  proliferative  breast  disease  (with  or 
without  atypia)  and  patients  with  non-proliferative  breast  changes. 

Results:  Of  the  368  patients  diagnosed  with  a  single  papilloma  without  atypia,  35  (10%) 
developed  carcinoma.  Eleven  (22%)  of  the  49  women  with  a  single  papilloma  with  atypia 
subsequently  developed  carcinoma.  Forty-one  patients  were  diagnosed  with  multiple 
papillomas  without  atypia,  and  six  (15%)  developed  carcinoma.  Twelve  cases  of  multiple 
papillomas  with  atypia  were  identified,  and  4  (33%)  of  these  developed  carcinoma.  The 
relative  risk  of  cancer  development  is  presented  in  Table  1. 

Conclusions:  We  conclude  that  the  diagnosis  of  a  single  papilloma  without  atypia 
imparts  an  increased  risk  of  developing  a  subsequent  carcinoma  similar  to  other  non- 
atypical  forms  of  proliferative  breast  disease.  Atypical  papilloma,  particularly  in  the 
setting  of  multiple  papillomas,  imparts  a  breast  cancer  risk  similar  to  or  greater  than 
conventional  atypical  ductal/lobular  hyperplasias. 


Incident  Breast  Cancer  Relative  Risk 

Diagnosis  (N) 

Person  Years  Follow-up 

Relative  Risk  (95%  Cl) 

Non-Proliferative  (5934) 

91129 

1.00 

Proliferative  without  Atypia  (2211) 

32895 

1.60(1.35,  1.90) 

Proliferative  with  Atypia  (257) 

3127 

3.59  (2.63,  4.92) 

Single  Papilloma  without  Atypia  (368) 

4979 

1.82  (1.28,2.58) 

Single  Papilloma  with  Atypia  (49) 

577 

4.88  (2.67,  8.92) 

Multiple  Papillomas  without  Atypia  (41) 

592 

2.81  (1.25,6.31) 

Multiple  Papillomas  with  Atypia  (12) 

115 

8.66  (3.22,  23.31) 

Relative  risks  were  calculated  using  a  Cox  proportional  hazards  regression  analysis. 
Results  are  adjusted  for  age. 
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Podium  Presentation:  Society  of  Surgical  Oncology  Annual  Cancer  Symposium,  March 
3-6,  2005,  Atlanta, GA. 


Multifocal  atypia  confers  increased  risk  of  breast  cancer. 

Degnim  AC,  Visscher  D,  Frost  M,  Melton  L,  Vierkant  R,  Maloney  S,  Pankratz  V,  Seller 
T,  Lingle  W,  Hartmann  L. 

Introduction :  We  evaluated  breast  cancer  risk  in  relation  to  histologic  features  of  atypia 
in  a  large  retrospective  cohort  of  women  with  benign  breast  disease. 

Methods :  Through  surgical  and  pathology  indexes,  women  were  identified  who  had  an 
open  breast  biopsy  with  benign  findings  at  our  institution  between  1/1/67  and  12/31/91. 
Histologic  review  of  original  biopsy  slides  or  tissue  blocks  was  performed  by  a  single 
pathologist  who  was  blinded  to  clinical  outcome.  Histopathologic  information  was 
collected,  including  type  of  hyperplasia  and  number  of  atypical  foci.  Subsequent  breast 
cancers  were  identified  through  a  follow-up  survey  and  our  Tumor  Registry. 

Results :  Of  1 1,109  eligible  women  with  benign  breast  biopsies,  histologic  review  and 
follow-up  are  completed  on  9,874  to  date.  Of  3 1 1  biopsies  demonstrating  atypical 
hyperplasia,  43%  had  only  atypical  ductal  hyperplasia  (ADH),  52%  had  only  atypical 
lobular  hyperplasia  (ALH)  and  4%  had  both  ADH  and  ALH.  Data  on  number  of  atypical 
foci  are  complete  for  300  patients;  of  these,  58%  had  one  focus  of  atypia,  26%  had  two 
foci,  and  16%  had  3  or  more  foci.  With  3702  person-years  of  follow-up  in  these  311 
women,  we  observed  60  cases  of  incident  breast  cancer.  Age-adjusted  Cox  proportional 
hazard  regression  analysis  showed  a  significantly  increased  relative  risk  (RR)  of  breast 
cancer  with  any  atypia  compared  to  5950  women  with  non-proliferative  disease  (NPD) 
without  atypia  (see  Table),  and  a  trend  toward  higher  risk  with  ADH  versus  ALH. 

Similar  analysis  showed  a  significantly  increased  risk  of  breast  cancer  with  increasing 
number  of  atypical  foci  (see  Table).  Women  with  3  foci  of  atypia  had  an  8-fold  greater 
risk  of  breast  cancer  compared  to  those  with  NPD(p<0.01)  and  a  three-fold  greater  risk 
compared  to  those  with  one  focus  of  atypia  (p<0.01). 

Conclusions :  In  women  with  atypia  on  benign  breast  biopsy,  multiple  foci  of  atypia 
indicate  a  significantly  higher  risk  of  subsequent  breast  cancer.  Ductal  atypia  may 
convey  a  somewhat  greater  risk  of  subsequent  breast  cancer  compared  to  ALH. 


Variable 

Description 

Events 

RR  (95%  Cl) 

p-value 

Histologic  Type 

Non-Prol  Dis  W/O  Atypia 

344 

1.0  (Reference) 

<0.01 

ALH 

30 

3.6  (2.5,  5.3) 

ADH 

26 

4.5  (3.0,  6.7) 

ALH  and  ADH 

4 

5.8  (2.2,  15.6) 

#  of  Foci  of  Atypia 

Non-Prol  Dis  W/O  Atypia 

344 

1.0  (Reference) 

p<0.01 

1  focus  of  atypia 

21 

2.5  (1.6,  4.0) 

2  foci  of  atypia 

18 

4.9  (3.0,  7.9) 

3  or  more  foci  of  atypia 

19 

8.2  (5.1,  13.0) 
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Benign  Breast  Disease  and  Breast  Cancer  Risk  in  the  Mayo  Cohort  Study 

Lynn  C.  Hartmann1  ,  Thomas  A.  Sellers2,  Marlene  H.  Frost1*,  Wilma  L.  Linglela,  Amy 
C.  Degnim1*3,  Karthik  Ghoshin,  Robert  A.  Vierkant1",  Shaun  D.  Maloney1",  V.  Shane 
Pankratz1",  David  W.  Hillman1",  Vera  J.  Suman1",  Jo  Johnson1  ,  Cassann  Blake1  ,  Thea 
Tlsty4,  Celine  M.  Vachon1+,  L.  Joseph  Melton  III  1+,  Daniel  W.  Visscher1'.  Mayo  Clinic 
College  of  Medicine,  200  First  Street  SW,  Rochester,  MN  55905  (*Division  of  Medical 
Oncology;  “Division  of  Experimental  Pathology;  ^Division  of  General  Surgery;  nDivision  of 
General  Internal  Medicine;  "Division  of  Biostatistics;  +Division  of  Epidemiology;  'Division  of 
Anatomic  Pathology);  2H.  Lee  Moffitt  Cancer  Center  &  Research  Institute,  12902  Magnolia 
Drive,  Tampa,  FL  33620;  3Wayne  State  University,  Detroit  MI  48202;  4University  of  California, 
San  Francisco,  513  Parnassus  Avenue,  San  Francisco,  CA.  94143. 

Background:  Benign  breast  disease  is  a  significant  risk  factor  for  breast  cancer.  To 
optimize  management  of  these  women,  we  need  precise  risk  estimates  for  them. 
Moreover,  it  remains  unclear  if  these  lesions  represent  precursors  or  generalized  risk 
indicators. 

Methods:  We  identified  all  women  with  benign  breast  disease  at  the  Mayo  Clinic 
between  1967  and  1991.  Breast  cancer  events  and  risk  factors  were  obtained  from  the 
medical  record  and  questionnaires.  All  benign  specimens  were  reviewed  by  our  breast 
pathologist.  To  estimate  relative  risks,  we  compared  observed  breast  cancers  to  those 
expected  using  Iowa  SEER  rates. 

Results:  This  Mayo  cohort  includes  9,087  women  followed  for  a  median  of  15  years. 

The  histologies  are;  non-proliferative  (66%);  proliferative  without  atypia  (30%)  and 
atypical  hyperplasia  (4%).  707  breast  cancers  have  developed  to  date.  The  relative  risk 
for  the  cohort  is  1.56  (95%  Cl  1.45-1.68).  Increased  risk  persisted  to  at  least  25  years 
after  biopsy.  Atypia  conveyed  a  RR  of  4.24  (95%  Cl  3.26-5.41),  vs  1.88  for  proliferative 
changes  without  atypia  and  1.27  (95%  Cl  1.15-1.41)  for  non-proliferative  lesions. 

Family  history  infonnation  was  available  for  4,  808  women  (53%)  and  conveyed  risk 
independent  of  histology,  with  a  RR  of  1.93  for  a  strong  family  history  (95%  Cl  1.58- 
2.32)  vs.  1.18  (95%  Cl  1.01-1.37)  for  no  family  history.  For  women  with  negative  family 
history  and  non-proliferative  findings,  we  saw  no  increased  risk.  In  the  first  10  years 
after  benign  biopsy,  an  excess  of  cancers  occurred  in  the  same  breast,  especially  in 
women  with  atypia,  consistent  with  the  presence  of  precursor  lesions. 

Conclusions:  Proper  categorization  of  women  with  benign  breast  disease  can 
differentiate  high  risk  subsets  from  those  at  no  increased  risk. 

Symposium  and  Poster  Presentations;  Department  of  Defense  Era  of  Hope,  June  9-10, 
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MULTIFOCAL  ATYPLV  CONFERS  INCREASED  RISK  OF  BREA  ST  CANCER 


AC  Dcgniin1, 1)  Vlsschcr1,  \IH  Frost1,  L.I  Melton1,  RA  Vlerkant1,  SI)  Maloney1,  VS 
Pankratz1,  TA  Sellers2,  \VL  I.lnglc1,  T  Tlsty3,  II  Berman*,  LC  Hartmann1 
'Mayo  Clinic  Cancer  Center,  2Moffitt  Cancer  Center,  ^University  of  California  San  Franscisco 
Degnim.  Amy  @  mayo.edu 

We  evaluated  breast  cancer  (BC)  risk  in  relation  to  histologic  features  of  atypia  in  a  large 
retrospective  cohort  of  women  with  benign  breast  disease. 

Through  surgical  and  pathology  indexes,  women  were  identified  who  had  a  surgical  breast 
biopsy  with  benign  findings  at  our  institution  between  1/1/67  and  12/31/91.  Histologic  review  of 
original  biopsy  slides  or  tissue  blocks  was  performed  by  a  single  pathologist  (DV)  who  was 
blinded  to  clinical  outcome.  Histopathologic  information  was  collected,  including  type  of 
hyperplasia  and  number  of  atypical  foci.  Subsequent  BCs  were  identified  through  a  follow-up 
survey  and  our  Tumor  Registry.  We  compared  the  observed  number  of  incident  BCs  among 
women  in  our  cohort  with  atypical  hyperplasia  (AH)  to  that  expected  using  incidence  rates  from 
the  Iowa  SEER  data.  Internal  comparisons  of  BC  and  number  of  atypical  foci  were  made  using 
Cox  proportional  hazards  regression. 

Of  10,032  eligible  women  with  benign  breast  biopsies,  histologic  review  and  follow-up  are 
completed  on  9,087.  Of  336  biopsies  demonstrating  AH,  62%  had  one  focus  of  atypia,  24%  had 
two  foci,  and  14%  had  3  or  more  foci.  We  observed  4161  person-years  of  follow-up  and  64  cases 
of  incident  BC  in  these  336  women.  Those  with  AH  had  a  4.2-fold  increased  risk  of  BC 
compared  to  Iowa  SEER  (95%  Cl  3.3-S.4).  Kaplan-Meier  estimates  show  increasing  risk  of  BC 
with  increasing  number  of  atypical  foci  (Figure  1).  Women  with  3  foci  of  atypia  had  a  9.4-fold 
increased  risk  of  BC  vs.  Iowa  SEER  and  a  4. 1-fold  greater  risk  vs.  those  in  the  cohort  with  one 
focus  of  atypia  (p<0.01  for  each). 

In  w  omen  with  AH  on  benign  breast 
biopsy,  multiple  foci  of  atypia  indicate 
a  significantly  higher  risk  of 
subsequent  BC.  These  results  may 
impact  decision-making  in  women 
with  AH  who  are  at  increased  risk  for 
BC. 
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TEMPORAL  CHANGES  IN  BENIGN  BREAST  DISEASE  1%7  TO  1«>«>1 
K.  Ghosh  MI).  MS1,  L.C.  Hartmann  MD1,  T.  A.  Sellers  Ph.I)2,  A.  C.  Degnim  MI)1,  V.  S. 
Pankratz  Pli.l)',  C.  Blake  MD3,  T.  Tlsty  Ph.I)4.  L.  .1.  Melton  III  MI)1, 1).  YV.  Vlsscher  MI)1 
Affiliations:  'Mayo  Clinic,  Rochester  MN:  :H.Lee  Moffitt  Cancer  Center,  Tampa  FL:  !Wayne 
State  University.  Detroit  MI;  4University  of  California.  San  Francisco  CA 

Background:  Women  with  benign  breast  disease  (BBD)  are  at  increased  risk  of  breast  cancer 
(BC).  The  classic  study  of  BBD  by  Dupont  and  Page  enrolled  women  with  biopsies  in  the 
1950s-1960s.  We  sought  to  assess  changes  in  the  nature  of  BBD  over  time,  utilizing  a  25-year 
cohort  of  BBE)  from  the  late  1960s  to  the  early  1990s. 

Methods:  Utilizing  the  Mayo  Clinic  Surgical  and  Pathology  Indices,  wroinen  ages  18  to  85  who 
had  benign  excisional  breast  biopsy'  between  January  1,  1967  and  December  31,  1991  were 
identified.  The  clinical  outcome  of  BC  was  the  end-point  for  follow-up  for  the  ‘cases’  and  was 
determined  using  the  Mayo  medical  record  and  questionnaire  information  sent  to  study 
participants.  Our  breast  pathologist  (DV),  blinded  to  both  the  initial  diagnosis  and  clinical 
outcome,  performed  pathology  review. 


Results: 

Year  of  Biopsy 

Characteristic 

All  Subjects 

1967-71 

1972-76 

1977-81 

1982-86 

1987-91 

Overall 

9087(100%) 

971  (10.7%) 

1808(19.9%) 

1509(16.6%) 

2295  (25.3%) 

2504  (27.6%) 

Breast  Cancel-  Status 

Case 

707  (7.8%) 

122(12.6%) 

190(10.5%) 

112(7.4%) 

138  (6%) 

145  (5.8%) 

Mean  Age  at  Blopsv 
(standaid  deviation) 

51.4(14.3) 

47.5(13.2) 

49.3(13.4) 

48.8(14.3) 

53.5(14.3) 

54.1  (14.4) 

Histology 

Non-Prolif.  Dis 

6061  (66,7%) 

7 13  (73.4%) 

1339(74.1%) 

1057  (70%) 

1469  (64%) 

1483  (59.2%) 

Prolif.  Dis.  W/O 

Atypia 

2690(29.6%) 

245  (25.2%) 

435  (24.1%) 

411(27.2%) 

728  (31.7%) 

871  (34.8%) 

Prolif.  Dis.  W/At\pia 
Family  History 

336  (3.7%) 

13(1.3%) 

34(1.9%) 

41(2.7%) 

98  (4.3%) 

150  (6%) 

Known 

4808 

258 

601 

530 

1572 

1847 

Negative 

2668(55.5%) 

126(48.8%) 

270  (44.9%) 

282  (53.2%) 

899  (57.2%) 

1091  (59.1%) 

Weak 

1174(24.4%) 

70(27.1%) 

172  (28.6%) 

114(21.5%) 

384  (24.4%) 

434  (23.5%) 

Strong 

966(20.1%) 

62  (24%) 

159  (26.5%) 

134(25.3%) 

289(18.4%) 

322  (17.4%) 

Bcnlim  Breast  Disease  by  5-vcar  Interval 


Conclusions:  This  study  provides  data  regarding  the  changing  nature  of  BBD.  The  number  of 
women  in  each  5-year  period  increased,  likely  due  to  growth  of  clinical  practice  at  Mayo  Clinic 
but  may  also  reflect  increased  adoption  of  screening  mammography.  Within  each  time-frame, 
there  were  over  100  cases  of  BC,  but  the  proportion  of  ‘cases’  to  ‘non-cases’  decreased  with 
decreasing  ‘years  of  risk’  for  women  in  the  latter  part  of  the  study.  Mean  age  at  biopsy  increased 
from  47.5  to  54. 1 ,  and  BBD  samples  from  the  latter  years  of  the  study  were  more  likely  to  show 
proliferative  change  with  or  without  atypia,  again  likely  due  to  increased  use  of  screening 
mammography  and  detection  of  abnormal  calcifications.  The  stable  proportion  of  women  with 
positive  family  history  (about  20%  of  whom  had  a  strong  family  history)  is  consistent  with 
general  breast  cancer  awareness  and  screening  practices  in  this  population. 
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BENIGN  BREAST  DISEASE:  EVIDENCE  FOR  PRECURSOR  LESIONS 

LC  Hartmann,  A  Degnim,  MH  Frost,  RA  Vierkant,  SD  Maloney,  TA  Sellers,  VS  Pankratz,  T  Tlsty,  C 
Blake,  WL  Lingle,  DW  Visscher 

Mayo  Clinic  and  Mayo  Foundation,  Rochester,  MN;  H.  Lee  Moffitt  Cancer  Center  &  Research  Institute, 
Tampa,  FL;  University  of  California,  San  Francisco,  CA;  Wayne  State  University,  Detroit,  MI.  E-mail: 
hartmann.lvnn@mayo.edu 


Background:  Benign  breast  disease  (BBD)  represents  a  significant  risk  factor  for  a  later  breast  cancer  (BC)  that 
can  occur  in  either  breast.  Besides  aiding  in  risk  prediction,  BBD  provides  a  possible  window  into  a  continuum 
of  alterations  culminating  in  BC.  Information  about  time  to  and  side  of  BC  after  BBD  has  not  been  available 
for  most  prior  studies  of  BBD.  Such  information  can  help  distinguish  possible  precursor  lesions  from  markers 
of  increased  risk. 

Methods:  We  used  the  Mayo  Clinic  Surgical  Index  to  identify  women  ages  18-85  who  had  BBD  between  1-1- 
67  and  12-31-91.  The  benign  H&E-stained  sections  were  evaluated  by  our  study  pathologist  (DV).  Biopsies 
were  classified  into:  1)  non-proliferative  changes,  2)  proliferative  changes  without  atypia  (PDWA),  and  3) 
atypical  hyperplasia  (AH).  To  estimate  relative  risks,  we  compared  the  observed  number  of  incident  BCs  in 
our  cohort  to  that  expected,  using  age-  and  calendar  period-matched  incidence  rates  from  the  Iowa  SEER  data 
as  the  reference. 


Results:  This  cohort  consists  of  9087  women  who  have  been  followed  for  a  median  of  15  years  (person  years 
144,  881).  The  benign  histologies  include:  non-proliferative  [n=6061  (66%)],  PDWA  [n=2690  (30%)]  and  AH 
[n=336  (4%)].  707  breast  cancers  have  occurred  to  date.  The  overall  relative  risk  for  breast  cancer  for  the 
entire  cohort  is  1.56  (95%  Cl  1.45  -  1.68).  Benign  histology  was  a  major  predictor  of  risk.  AH  conveyed  a 
relative  risk  of  4.24  (95%  Cl  3.26  -  5.41)  vs  1.88  (1.66  -  2.12)  for  women  with  PDWA  and  1.27  (1.15-1.41) 
for  non-proliferative  lesions.  The  table  shows  median  years  to  BC  and  side  of  BC  by  histologic  category  for 
those  women  who  developed  BC.  There  is  a  greater  tendency  for  BC  to  develop  sooner  (p=0.03)  and  in  the 
ipsilateral  breast  in  women  whose  BBD  contained  increasing  degrees  of  proliferation  and  atypia — consistent 
with  the  presence  of  precursors  in  these  higher  risk  entities. 


Conclusion:  Information  about  side  of  BC  and  time  to  BC  in  studies  of  BBD  can  help  to  identify  probable 
precursor  lesions.  Studies  based  in  these  lesions  can  guide  our  understanding  of  molecular  risk  and  molecular 
carcinogenesis. 


Sidedness  and  Timing  of  Breast  Cancers  after  BBD 


Benign  Histology 

N  on-proliferative 
PDWA  264 
AH  64 


#  of  BCs*  Median  Yrs  to  BC  Side  of  BC* 

(1st -3rd  quartile)  Same  (n,%) 
379  10.7  (5.4-16.4)  185  (54) 

11.0  (5.8-16.0)  123  (56) 

9.3  (5.7-14.5)  34  (61)  22 


Opposite  (n,%) 
156(46) 

96  (44) 

(39) 


cancers  where  both  BBD  and  BC  were  unilateral  events  and  side  for  both  was  known 


The  U.S.  Army  Medical  Research  and  Material  Command  under  DAMD1 7-02-1-0473  supported  this  work. 
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STATISTICAL  METHODS  TO  ASSESS  THE  TIMING  AND  SIDE  OF  BREAST 
CANCER  RELATIVE  TO  BENIGN  BREAST  BIOPSIES:  IMPLICATIONS  FOR 
POTENTIAL  PRECURSOR  LESIONS 

V.S.  Pankratz,  R.A.  Vierkant,  S.I).  Maloney,  A.C.  Dcgnim,  L.C.  Hartmann 
Mayo  Clinic.  Rochester,  MN 

pankratz.vemon@mayo.edu _ 

Introduction:  Benign  breast  disease  is  an  important  predictor  of  risk  for  breast  cancer.  It 
may  also  provide  information  about  a  continuum  of  benign  breast  alterations  culminating 
in  breast  cancer.  The  agreement  between  side  of  the  benign  lesion  and  subsequent  breast 
cancer  provides  one  means  of  obtaining  evidence  for  the  presence  of  precursors. 

However,  little  data  have  been  reported  describing  the  concordance  between  side  of  the 
benign  lesion  and  die  cancer.  Also,  methods  to  assess  the  evidence  of  this  concordance, 
particularly  with  regarding  the  time  interval  between  benign  lesion  and  breast  cancer  are 
lacking. 

Methods:  Extensive  follow-up  data  were  obtained  from  a  consecutive  series  of  women 
undergoing  an  open  breast  biopsy  with  benign  findings  from  1967  through  1991. 
including  the  timing  of  subsequent  breast  cancers  and  the  side(s)  of  benign  biopsy  and 
cancer  development.  A  variety  of  methods  to  assess  concordance  between  benign  lesions 
and  breast  cancel's  were  explored.  These  ranged  from  the  simple  (e.g.  chi-square  tests)  to 
the  complex  (e.g.  survival  models).  Ultimately,  we  estimated  the  relative  risk  of  cancer 
in  the  same  vs.  the  opposite  breast  for  five-year  time  intervals  using  a  survival  analysis 
approach  by  computing  the  relative  incidence  of  ipsilateral  and  contralateral  cancers.  We 
calculated  the  incidence  for  each  of  these  categories  using  two  observations  per  person 
and  censoring  for  the  type  of  cancer  that  did  not  occur.  Using  this  method,  the  relative 
risks  are  equivalent  to  ratios  of  observed  events,  as  the  approach  yields  identical  person 
years  for  each  event  type.  We  capitalized  on  this  and  used  properties  of  the  binomial 
distribution  to  obtain  exact  p-values  and  95%  confidence  intervals  for  these  relative  risks. 
Results:  The  study  has  so  far  followed  9087  eligible  women  for  144,881  person-years 
(median  15  years),  and  707  breast  cancers  have  been  observed  to  date.  91  of  these  cases 
were  either  missing  side  information,  or  had  bilateral  biopsies  or  cancers.  Most  of  the 
unilateral  events,  342  of  616  (56%),  developed  in  the  same  breast  as  the  benign  biopsy. 
During  the  first  ten  years,  there  was  an  excess  of  ipsilateral  cancers,  with  relative  risks  for 
ipsilateral  vs.  contralateral  of  1.88  and  1.34  for  years  0-5  and  6-10,  respectively. 
Additionally,  the  35  women  with  atypia  who  developed  breast  cancer  within  10  years  of 
their  benign  biopsy  were  2.5  times  more  likely  (p=0.02)  to  develop  cancer  in  the  same 
breast  vs.  the  opposite  breast. 

Conclusions:  We  have  examined  and  used  a  range  of  statistical  methods  to  evaluate  side- 
specific  breast  cancer  risk.  An  excess  of  breast  cancers  occurred  in  the  same  breast 
within  the  first  years  of  follow-up.  especially  in  women  with  atypia.  This  suggests  that 
precursors  may  exist  within  the  spectrum  of  benign  breast  disease  that  can  be  identified 
with  molecular  techniques  and  targeted  with  tailored  interventions. 

The  U.S.  Army  Medical  Research  and  Materiel  Command  under  DAM D 17-02- 1  -047 3 
supported  this  work. 
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BENIGN  BREAST  DISEASE  AND  BREAST  CANCER  RISK 

LC  Hartmann1,  MH  Frost1,  K  Ghosh1,  A  Degnim1,  RA  Vierkant1,  SD  Maloney1,  VS  Pankratz1, 

T  Tlsty2,  C  Blake3,  TA  Sellers4,  WL  Lingle1,  LJ  Melton1,  D  Visscher1 

Mayo  Clinic  Cancer  Center  ,  Rochester,  MN;  University  of  California  ,  San  Francisco,  CA;  Wayne  State 
University3,  Detroit,  MI;  Moffitt  Cancer  Center4,  Tampa,  FL.  E-mail:  hartmann.lvnn@mayo.edu 

Background:  Benign  breast  disease  (BBD)  represents  a  significant  risk  factor  for  a  later  breast  cancer  that 
can  develop  in  either  breast.  Questions  remain  about  the  degree  of  risk  associated  with  non-proliferative 
findings  and  the  degree  of  interaction  between  atypia  and  family  history.  Having  accurate  risk  estimates 
is  essential  to  counsel  women  properly  regarding  surveillance  and  risk  reduction  strategies. 

Methods:  The  Mayo  Clinic  Surgical  Index  was  used  to  identify  all  women  ages  18-85  who  had  an  open 
breast  biopsy  with  benign  findings  at  the  Mayo  Clinic  between  1/1/67  and  12/31/91.  Our  study 
pathologist  (DV)  reviewed  and  classified  all  benign  lesions.  Medical  records  and  a  study-specific 
questionnaire  were  used  to  collect  risk  factor  data  and  to  identify  subsequent  breast  cancers  (BC).  To 
estimate  relative  risks,  we  compared  the  observed  number  of  incident  BCs  in  our  cohort  to  that  expected, 
using  age-  and  calendar  period-matched  incidence  rates  from  the  Iowa  SEER  data  as  the  reference. 

Results:  This  25-year  cohort  includes  9,087  women  with  144,881  person  years  of  follow-up  (median  15 
yrs).  The  mean  age  at  BBD  was  5 1 .4  years.  Non-proliferative  disease  was  found  in  66%,  proliferative 
disease  without  atypia  in  30%  and  atypia  (atypical  ductal  hyperplasia  or  atypical  lobular  hyperplasia)  in 
4%.  Thus  far,  707  women  are  known  to  have  developed  BC,  at  a  median  of  10.7  years  after  their  BBD. 

The  overall  relative  risk  for  breast  cancer  in  our  cohort  is  1.56  (95%  Cl  1.45  -1.68).  Benign  histology  was 
a  major  predictor  of  risk.  Atypical  hyperplasia  conveyed  a  relative  risk  of  4.24  (3.26  -  5.41)  vs  1.88  (1.66 
-  2.12)  for  women  with  proliferative  disease  without  atypia  and  1.27  (1.15  -  1.41)  for  non-proliferative 
lesions.  Knowledge  of  family  history  allowed  further  refinement  of  risk  estimates.  For  women  with  no 
family  history,  the  relative  risk  was  1 . 1 8  ( 1 .0 1  -  1 .37)  compared  to  1 .43  ( 1 . 1 5  -  1 .75)  for  women  with  a 
weak  family  history,  and  1.93  (1.58  -  2.32)  for  those  with  a  strong  family  history.  For  women  with  non¬ 
proliferative  findings  and  no  or  weak  family  history,  there  was  no  increased  risk.  We  did  not  see  an 
interaction  between  atypia  and  family  history.  Women  with  atypia  and  no  family  history  had  a  RR  of 
2.95  (1.65  -  4.87)  vs  4.18  (1.80  -  8.23)  for  those  with  a  weak  family  history  and  4.0  (2.07  -  6.99)  for 
those  with  a  strong  family  history.  Risk  of  BC  was  inversely  associated  with  age  at  benign  biopsy,  with 
younger  women  demonstrating  greater  risk  than  older  women  (RR  for  age  <  30  =  1.83  vs  RR  1.40  for  age 
>70). 

Conclusions:  Benign  breast  disease  is  a  major  risk  factor  for  a  later  breast  cancer.  Within  BBD,  age  at 
BBD,  family  history  and  histology  are  major  predictors  of  subsequent  risk. 

The  U.S.  Army  Medical  Research  and  Material  Command  under  DAMD1 7-02-1-0473  supported  this  work. 
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The  Impact  of  Lobular  Involution  on  Breast  Cancer  Risk. 

T  R  Milanese,  L  C  Hartmann,  R  A  Vierkant,  S  D  Maloney,  M  H  Frost, 

V  S  Pankratz,  and  D  W  Visscher. 

Background'.  Lobular  involution  is  a  histologic  finding  that  reflects  atrophy  associated 
with  physiologic  aging  in  the  human  breast.  Based  on  epidemiologic  associations, 
involution  has  been  hypothesized  to  have  relevance  in  breast  tumorigenesis. 

Methods'.  A  breast  pathologist  examined  benign  breast  biopsies  of  8,743  women  in  the 
Mayo  Benign  Breast  Disease  cohort  and  classified  them  according  to  the  degree  of 
lobular  involution  as  follows:  none  (0%),  partial  (1-74%),  or  complete  (>75%).  Each 
benign  biopsy  was  also  evaluated  per  standard  criteria  as  nonproliferative  (NP), 
proliferative  disease  without  atypia  (PDWA),  and  atypical  hyperplasia  (AH).  Age  at 
biopsy,  family  history  of  breast  cancer,  and  development  of  breast  cancer  were  obtained 
from  medical  records  or  questionnaires  (17-year  mean  follow-up).  Associations  of 
involution  with  other  breast  cancer  risk  factors  were  carried  out  using  chi-square  tests  and 
logistic  regression  analyses.  Relative  risks  of  breast  cancer  were  estimated  by  comparing 
the  number  of  observed  events  with  the  number  expected  based  on  rates  from  the  Iowa 
SEER  registry. 

Results:  Distribution  of  the  patients  by  the  three  levels  of  involution  was  as  follows: 
none-1,628  (18.6%);  partial-5,202  (59.5%);  and  complete- 1,9 13  (21.9%).  Increased 
involution  was  found  to  correlate  with  increased  age  and  decreased  family  history  of 
breast  cancer.  The  relative  risk  of  breast  cancer  was  significantly  lower  in  patients  who 
had  complete  (0.91,  95%  Cl  0.74-1.10)  compared  to  those  with  partial  (1.45,  95%  Cl 
1.32-1.59)  or  no  involution  (1.88,  95%  Cl  1.59-2.21)  (P<0.001).  Age  and  family  history 
modified  breast  cancer  risk.  In  patients  with  PDWA,  the  relative  risk  for  women  with  no 
involution  was  (2.94,  95%  Cl  2.26-3.75),  while  that  for  women  with  complete  involution 
was  only  (1.11,  95%  Cl  0.68-1.72)  (P<0.001).  The  relative  risks  in  patients  with  NP  and 
AH  displayed  similar  associations. 

Conclusions:  The  degree  of  lobular  involution  correlates  inversely  with  breast  cancer 
risk.  It  modifies  breast  cancer  risk  in  patients  stratified  by  age,  family  history,  and  type  of 
histology.  These  data  indicate  that  aberrant  or  delayed  involution  is  a  biologically 
important  constitutional  variable  in  breast  cancer  biology. 
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Analysis  Of  Cancer  Risk  In  Women  With  Radial  Scars  Of  The  Breast 

JC  Berg ,  JT  Lewis,  SD  Maloney,  RA  Vierkant,  LC  Hartmann,  DW  Visscher  -  Mayo  Clinic, 
Rochester,  MN 

Background:  Radial  scars  (RS)  are  characterized  by  an  elaslotlc  central  core  containing 
entrapped  tubules  that  radiate  outward  In  a  stellate  manner.  The  epithelial  component  may 
show  varying  degrees  of  proliferation.  Previous  studies  have  shown  that  RS  Impart  an 
increased  risk  of  breast  cancer  development. 


Design:  RS  were  systematically  identified  in  a  nistopathologically  defined  benign  breast 
disease  (BBD)  cohort  of  9073  patients  blopsied  between  1967  and  1991.  Overall  histology  was 
classified  as  nonproliferative  (NP),  proliferative  disease  without  atypla  (PDWA),  or  atypical 
hyperplasia  (AH)  per  standard  criteria.  The  presence,  number  and  size  of  RS  were  recorded  for 
each  case.  The  relative  risk  of  cancer  development  within  the  BBD  cohort  was  compared  to 
that  expected  in  the  general  population  using  standardized  incidence  ratios  (SIRs). 


Result:  RS  were  identified  in  441  (4.9%)  of  the  cohort  cases;  384  (87%)  of  these  contained 
one  RS,  42  (9.5%)  contained  two,  nine  (2%)  contained  3,  and  six  (1.5%)  contained  four  or 
more,  with  a  maximum  of  11.  RS  size  information  was  available  in  434  cases.  The  majority  of 
RS  (357/434,  82%)  were  less  than  5  mm  in  diameter;  61  biopsies  (14%)  contained  5-9.9  mm 
RS,  and  16(4%)  had  RS  than  10  mm.  Table  1  and  2  compare  the  relative  risk  of  BBD  subsets 
defined  by  presence,  size  and  number  of  RS  to  patent  groups  lacking  RS. 


Conclusion:  RS  imparts  no  increased  breast  cancer  risk  compared  to  other  forms  of  PDWA 
(l.e.  duct  hyperplasia  and/or  adenosis).  Likewise,  RS  associated  with  AH  also  connotes  no 
increased  risk  above  that  of  AH.  Breast  cancer  risk  was  not  modified  significantly  by  the  size  or 
number  of  RS  lesions. 


Table  1:  Incident  Breast  Cancer  Relative  Risk  by  Histology  and  RS  Presence 

|Dia  gnosis 

Number 

Relative  Risk  (95%  Cl) 

jNP 

6048 

1.07  (0.96,  1.18) 

jPDWA 

2311 

1.57  (1.37,  1.80) 

‘PDWA  +  RS 

377 

1.84  (1.33,  2.49) 

[ah 

273 

4.01  (3.03,  5.21) 

lAH  +  RS  [64  b.33  (1.67,  5.97) 

Relative  risks  were  calculated  using  Cox  Proportional  Hazard  Resgression  Analysis.  Results  are 
adjusted  for  age. 


Table  2; 

Relative  Risk  By  Radial  Scar  Feature 

Feature 

Number 

SIR  (95%  a) 

1  Scar 

384 

2.02  (1.48,  2.69) 

2+  Scars 

57 

2.12  (0.85,  4.35) 

Size  <  5  mm 

357 

1.84  (1.32,  2.51) 

Size  >  5  mm 

77 

12.50  (1.20,  4.61) 

Relative  risks  were  calculated  using  Cox  Proportional  Hazard  Regression  Analysis.  Results  are 
adjusted  for  age. 
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COX-2  expression  in  atypia:  Correlation  with  breast  cancer  risk. 

Lynn  C.  Hartmann,  Wilma  L.  Lingle,  Marlene  H.  Frost,  Shaun  D.  Maloney,  Robert  A. 
Vierkant,  V.  Shane  Pankratz,  Thea  Tlsty,  Amy  C.  Degnim,  Daniel  W.  Visscher 

Background:  Women  with  atypical  hyperplasia  have  a  significantly  increased  risk  of  a 
later  breast  cancer  (RR-4.0)  and  are  excellent  candidates  for  chemoprevention  strategies. 
Identification  of  appropriate  molecular  targets  is  a  priority.  COX-2  is  up-regulated  in  a 
variety  of  malignancies  by  several  oncogenic  mechanisms.  Increased  COX-2  expression 
has  been  documented  in  DCIS  specimens.1  We  sought  to  determine  COX -2  expression  in 
women  with  atypia  and  assess  possible  correlations  with  a  later  breast  cancer. 

Methods'.  The  Mavo  Clinic  Benign  Breast  Disease  Cohort  includes  9343  women  who 
had  an  open  breast  biopsy  between  1967  and  1991.“  For  247  women  with  atypical 
hyperplasia,  there  was  formalin-fixed,  paraffin-embedded  tissue  available  for  assessment 
of  COX-2  expression  by  immunohistochemistry.  Our  study  pathologist  (DWV)  scored 
the  COX-2  expression  on  a  scale  from  0  (negative)  to  3+  (high  intensity).  We  used 
Cochran-Mantel-Haenszel  tests  for  trend  to  compare  intensity  of  staining  in  the  samples 
of  women  who  developed  breast  cancer  (cases)  to  that  of  women  who  did  not  develop 
breast  cancer  (controls). 

Results'.  Forty  of  the  247  women  with  atypia  have  developed  breast  cancer  over  a  median 
follow-up  of  15  years.  The  atypia  samples  displayed  a  range  of  COX-2  expression  with 
values  of  0  for  28  (1 1.3%),  1+  for  1 13  (45.8%),  2+  for  74  (30%),  and  3+  staining  for  32 
(13%).  We  found  significantly  higher  COX-2  staining  intensity  in  the  atypias  of  those 
women  who  went  on  to  develop  breast  cancer  compared  to  the  controls  who  did  not 
(p=0.04). 

Conclusions'.  Women  with  atypia  are  recognized  as  having  a  high  risk  for  a  later  breast 
cancer.  Intense  COX-2  expression  is  associated  with  a  significantly  greater  likelihood  of 
a  subsequent  breast  cancer  in  women  with  atypia  and  represents  one  potential  molecular 
target  for  chemoprevention  strategies. 

References 
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Assessment  of  the  Gail  model  in  a  cohort  of  women  with  atypical  hyperplasia. 

V.  Shane  Pankratz,  Robert  A.  Vierkant,  Shaun  D.  Maloney,  Marlene  H.  Frost,  Daniel  W. 
Visscher  and  Lynn  C.  Hartmann.  Mayo  Clinic,  Rochester,  MN 

Background :  Understanding  an  individual  woman’s  risk  of  developing  breast  cancer  is  of 
high  importance  if  we  are  to  tailor  clinical  management  properly.  We  sought  to  evaluate 
the  performance  of  the  Gail  model1  in  a  cohort  of  women  with  atypical  hyperplasia,  and 
to  determine  if  other  histopathological  features  might  contribute  to  enhanced  risk 
prediction  in  this  cohort. 

Methods'.  The  Mavo  Clinic  Benign  Breast  Disease  (BBD)  Cohort  includes  9343  women 
who  had  an  open  breast  biopsy  between  1967  and  1991.  Of  these,  336  women  had 
atypical  hyperplasia,  a  group  with  significantly  increased  risk  of  a  later  breast  cancer 
(RRM.O).  Gail  model  risk  factors,  and  others,  were  obtained  via  survey  and  medical 
record  review.  Lifetime  risk  (thirty-year  probability)  of  breast  cancer  was  computed  for 
each  woman.  Logistic  regression  was  used  to  assess  the  concordance  between  the 
predicted  and  observed  lifetime  risk.  Proportional  hazards  regression,  with  bootstrap 
model  selection,  was  used  to  identify  a  potential  risk  prediction  model  for  this  high-risk 
group  of  women. 

Results'.  In  this  atypia  sub-cohort,  64  women  experienced  a  breast  cancer  with  an  average 
follow-up  of  about  15  years.  This  number  of  events  was  slightly  lower  than  the  number 
predicted  by  the  30-year  Gail  model  probabilities  (rate  ratio  [95%  Cl]  =  0.94  [0.74  - 
1 .20]).  At  the  individual  level,  the  concordance  between  observed  breast  cancer  events 
and  predicted  lifetime  probabilities  ofbreast  cancer  was  0.59.  This  did  not  reach 
statistical  significance  (p=0. 13),  however,  the  number  of  events  was  low.  The  model 
selection  process  identified  one  covariate  that  was  associated  with  breast  cancer  risk  in 
this  sub-cohort:  the  number  of  foci  of  atypia. 

Conclusions:  Averaging  risks  across  this  atypia  cohort,  the  Gail  model  prediction  was  on 
target,  but  the  per-individual  concordance  between  observed  and  predicted  breast  cancer 
was  low.  Knowledge  of  the  number  of  foci  of  atypia  provided  additional  information 
about  breast  cancer  risk.  The  development  of  alternative  risk  models  in  this  group,  and  in 
the  entire  BBD  cohort,  are  in  process. 

References'.  1.  Gail  MH,  Brinton  LA,  Byar  DP,  CorleDK,  Green  SB,  Schairer  C, 
Mulvihill  JJ.  Projecting  individualized  probabilities  of  developing  breast  cancer  for  white 
females  who  are  being  examined  annually.  JNCI  1989,  8 1  (24):  1879-18862.  Hartmann 
LC,  Sellers  TA,  Frost  MH,  Lingle  WL,  Degnim  AC,  Ghosh  K,  Vierkant  RA,  Maloney 
SD,  Pankratz  VS,  Hillman  DW,  Suman  VJ,  Johnson  J,  Blake  C,  Tlsty  T,  Vachon  CM, 
Melton  LJ,  Visscher  DW.  Benign  breast  disease  and  the  risk  ofbreast  cancer.  N  Engl  J 
Med  2005,  353(3):229-237. 
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Epidemiologic  Comparison  of  Disease  Incidence  Among  Populations:  The  Person- 
Years  Approach. 

V.S.  Pankratz,  R.A.  Vierkant,  S.D.  Maloney,  L.C.  Hartmann,  Mayo  Clinic,  Rochester, 
MN 

In  epidemiological  studies  it  is  often  of  interest  to  compare  disease  incidence  within  a 
study  cohort  to  that  of  a  reference  population.  The  person-years  approach  is  often  used  to 
make  and  summarize  such  comparisons.  The  resulting  Standardized  Mortality  Ratios 
(SMRs)  summarize  the  degree  to  which  observed  cohorts  differ  from  the  reference 
population.  While  there  have  been  criticisms  of  this  method,  there  are  few  alternatives 
when  one  wishes  to  compare  study  groups  with  respect  to  their  degree  of  deviation  from 
population-based  expectations.  Our  study  of  this  topic  is  motivated  by  a  desire  to  study 
the  risks  of  breast  cancer  in  women  with  a  history  of  a  benign  breast  biopsy  relative  to  a 
reference  population.  In  this  study,  follow-up  data  were  obtained  from  a  consecutive 
series  of  9086  women  having  had  a  benign  breast  biopsy.  Women  with  a  history  of  a 
benign  breast  biopsy  had  an  SMR  of  1.6  (95%  Cl:  1.5  -  1.7).  We  present  an  overview  of 
the  person-years  method  and  demonstrate  how  estimates  of  per-subject  expected  events 
may  be  used  in  the  place  of  group-aggregated  expected  events.  We  also  outline 
modifications  that  may  alleviate  concerns  that  arise  in  the  use  of  this  approach,  motivated 
by  data  from  the  study  that  motivated  our  investigations. 

This  research  was  supported  by  the  U.S.  Army  Research  and  Materiel  Command  under 
DAMD 17-02- 1-0473. 
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Mammographic  breast  density  is  inversely  associated  with  age-related  involution. 

Karthik  Ghosh  MD,  Lynn  C.  Hartmann  MD,  Shaun  D.  Maloney,  Robert  A.  Vierkant  MS, 
Tia  M.  Milanese  BS,  Daniel  W.Visscher  MD,  V. Shane  Pankratz  PhD.,  Celine  M.Vachon 
PhD.  Departments  of  General  Internal  Medicine,  Oncology,  Biostatistics, 

Epidemiology,  Mayo  Medical  School,  and  Anatomical  Pathology,  Mayo  Clinic, 
Rochester,  MN. 

Background'.  The  breast  epithelium  is  composed  of  acini  that  join  to  fonn  lobules.  These 
lobules  undergo  age-related  involution  that  has  been  demonstrated  in  women  even  in 
their  30s.  Mammographic  breast  density  is  a  known  risk  factor  for  breast  cancer  that  has 
also  been  shown  to  decrease  with  age.  This  study  aims  to  examine  the  association  of  age- 
related  lobular  involution  with  mammographic  breast  density  (MBD)  in  a  cohort  of 
women  with  benign  breast  disease  (BBD). 

Materials  and  Methods :  Women  from  the  Mayo  BBD  Cohort  who  were  diagnosed  with 
BBD  between  1985  and  1991  and  had  a  mammogram  within  6  months  of  BBD  diagnosis 
were  eligible  for  this  study.  MBD  as  a  4-category  measure  of  Bi-RADS  density  was 
ascertained  from  a  clinical  mammography  database  that  has  been  maintained  since  1985 
at  the  Mayo  Clinic.  Our  breast  pathologist  (DV),  blinded  to  both  the  initial  diagnosis  and 
clinical  outcome,  performed  pathology  review  of  all  the  study  tissue.  Involution  in  the 
breast  tissue  was  subjectively  assessed  as  categories  of  none-  0%  involution,  partial-  1  - 
74%  involution,  or  complete-  >75%  involution  of  the  tenninal  duct  lobular  units.  To 
examine  the  association  between  involution  and  Bi-RADS  density,  the  odds  of  a  low 
density  mammogram  (Bi-Rads=l)  were  estimated  for  the  three  categories  of  involution 
using  logistic  regression. 

Results'.  A  total  of  3773  women  from  the  BBD  cohort  were  diagnosed  between  1985  and 
1991;  of  these,  2667  (71%)  had  a  Bi-RADS  density  available  within  6  months  of  BBD 
diagnosis.  Mean  age  at  BBD  diagnosis  in  this  sample  was  55  years.  The  distribution  of 
involution  and  Bi-RADS  category  of  density  is  shown  in  the  table  below. 


Bi-RADS 

Breast  density 

Involution 

None 

Involution 

Partial 

Involution 

Complete 

Total 

1 

56  (15.60%) 

325  (19.51%) 

174  (27.10%) 

555  (20.81%) 

2 

31  (8.64%) 

221  (13.27%) 

126  (19.63%) 

378  (14.17%) 

3 

54  (15.04%) 

412  (24.73%) 

176  (27.41%) 

642  (24.07%) 

4 

218  (60.72%) 

708  (42.50%) 

166  (25.86%) 

1092  (40.94%) 

Total  359 

1666 

642 

2667 

Age  adjusted  ana 

lyses  illustrate  an  inverse  association  of  involution  and  Bi-RADS 

density.  Compared  to  women  with  no  evidence  for  involution,  women  with  partial 
involution  had  1.1  OR(CI  0.8, 1.5)  greater  odds  of  low  MBD  and  women  with  complete 
involution  had  1.4  OR(CI  0.96,2.1)  greater  odds  [p-value  test  for  trend  p=0.03]. 
Discussion'.  Our  findings  indicate  that  MBD  is  inversely  associated  with  involution  of 
breast  tissues.  Future  histological  and  molecular  studies  are  warranted  to  understand  the 
process  of  age-related  involution  and  its  association  with  breast  density,  in  order  to 
improve  our  understanding  of  the  biology  of  breast  tissues,  thereby,  of  breast  cancer. 
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Age-related  lobular  involution  and  reduced  risk  of  breast  cancer. 

Hartmann  LC,  Milanese  TR,  Sellers  TA,  Frost  MH,  Pankratz  VS,  Degnim  AC,  Visscher  DW..  Mayo 
Clinic,  Rochester,  MN;  H.  Lee  Moffitt  Cancer  Center  and  Research  Institute,  Tampa,  FL 

Background'.  Lobular  involution  or  regression  in  the  human  breast  is  a  natural  process  associated  with 
aging.  To  identify  tissue-based  markers  of  risk  of  breast  cancer,  we  studied  if  the  extent  of  lobular 
involution  was  associated  with  later  risk  of  breast  cancer. 

Methods:  We  examined  the  benign  breast  biopsies  of  8,736  women  in  the  Mayo  Benign  Breast 
Disease  Cohort  and  classified  the  lobules  in  the  background  breast  tissue  by  degree  of  involution: 
none  (0%),  partial  (1-74%),  or  complete  (>75%).  Subsequent  breast  cancer  events  and  epidemiologic 
data  were  obtained  from  medical  records  and  questionnaires.  For  relative  risks,  we  compared 
observed  events  to  those  expected,  based  on  the  Iowa  Surveillance,  Epidemiology,  and  End  Results 
registry. 

Results:  Distribution  by  degree  of  involution  was:  none-1,627  (18.6%);  partial-5,1 97  (59.5%);  and 
complete-1,912  (21.9%).  Increased  involution  correlated  with  increased  age  (p<0.0001).  Complete 
involution  of  lobular  units  was  seen  in  19/566  (3.4%)  of  women  <30  at  benign  biopsy;  53/1037  (5.1%) 
of  those  ages  30-39;  142/2446  (5.8%)  of  those  ages  40-49;  455/2109  (21.6%)  of  those  ages  50-59; 
724/1600  (45.3%)  of  those  ages  60-69;  and  519/978  (53.1%)  of  those  ages  70  and  higher.  There  was 
a  strong,  inverse  correlation  (p<0.0001)  between  involution  and  parity.  Nulliparous  women  or  women 
with  only  one  child  were  more  likely  to  have  complete  involution  of  their  lobular  units.  Women  with  two, 
three,  and  four  or  more  children  had  stepwise  decrements  in  the  likelihood  of  complete  involution.  The 
breast  tissue  from  women  with  a  strong  family  history  was  less  likely  to  demonstrate  involution 

(p=0.0006). 

After  a  median  of  1 7  years,  the  relative  risk  of  breast  cancer  in  the  cohort  overall  was  1 .40  (95%  Cl 
1 .30-1 .51 ).  The  risk  of  breast  cancer  varied  significantly  by  extent  of  involution,  (p<0.001 ).  For  those 
women  with  no  involution,  the  risk  was  1 .88  (95%  Cl  1 .59-2.21 );  with  partial  involution,  1 .47  (1 .33- 
1.61);  and  with  complete  involution,  0.91  (0.75-1.10).  Moreover,  involution  of  lobular  units  modified  the 
risk  of  breast  cancer  in  all  subsets,  even  women  with  atypia.  Women  with  atypia  and  complete 
involution  had  a  risk  of  1 .49  vs  4.06  with  partial  involution  and  7.79  with  no  involution  (p  0.003).  In 
women  with  a  strong  family  history  of  breast  cancer  and  no  involution,  the  RR  was  2.77  (95%  Cl  1.94- 
3.84),  while  those  with  complete  involution  had  a  RR  of  1 .61  (95%  Cl  0.92-2.61 ). 

Conclusions:  The  degree  of  age-related  lobular  involution  correlates  inversely  with  breast  cancer  risk. 
Aberrant  involution  may  be  a  biologically  important  variable  in  breast  cancer  biology  that  can  better 
inform  risk  prediction  at  the  time  of  breast  biopsy. 
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Centrosome  Amplification  is  Greatest  in  Benign  Breast  Lesions  Associated  with 
an  Increase  in  Risk  of  Cancer. 

Wilma  Lingle,  Vivian  Negron,  Amy  Bruzek,  Linda  Murphy,  Darren  Riehle,  Robert 
Vierkant,  Shane  Pankratz,  Daniel  Visscher,  Lynn  Hartmann 

Although  centrosome  amplification  is  known  to  be  present  in  invasive  breast  cancer  and 
ductal  carcinoma  in  situ,  it  has  not  been  investigated  in  benign  breast  lesions.  Benign 
breast  disease  (BBD)  encompasses  a  spectrum  of  histologic  entities,  usually  subdivided 
into  non-proliferative  lesions,  proliferative  lesions  without  atypia,  and  atypical 
hyperplasia.  A  modest  increase  risk  in  development  of  breast  cancer  in  the  future  has 
been  associated  with  proliferative  lesions,  whereas  a  significant  increased  risk  is 
associated  with  atypical  hyperplasias.  In  this  pilot  study  we  investigated  the  status  of 
centrosomes  in  BBD  of  various  histologies  to  determine  if  amplified  centrosomes  can  be 
detected  in  the  absence  of  malignancy  and  invasion,  and  if  any  histologic  types  of  BBD 
have  significant  levels  of  centrosome  amplification.  This  study  utilizes  tissues  from 
patients  with  BBD  who  were  seen  at  the  Mayo  Clinic  between  1967  and  1991  and 
followed  up  for  a  median  of  15  years.  Paraffin  embedded  BBD  sections  were  stained 
with  hematoxylin  and  eosin  (H&E)  for  histological  assessment.  Adjacent  sections  were 
immunostained  for  gamma  tubulin  as  a  marker  of  centrosomes.  Images  captured  using 
an  Apotome-equipped  Zeiss  Axiovert  200M  or  Zeiss  510  LSM  microscope  for  z- 
sectioning.  Maximum  intensity  projection  images  were  analyzed  for  centrosome  size 
and  number.  Fibroblast  centrosomes,  present  in  each  image,  were  used  for 
normalization.  We  performed  a  pilot  analysis  of  5  non-proliferative  lesions,  5 
proliferative  lesions  without  atypia,  and  42  with  atypia.  Centrosome  amplification  was 
present  in  88%  of  atypical  hyperplasia  samples,  compared  to  none  of  the  non¬ 
proliferative  lesions,  and  only  1  of  the  proliferative  lesions  without  atypia.  Analysis  of 
the  complete  set  of  tissues  (>40  of  each  type)  will  allow  us  to  determine  if  this  difference 
is  significant,  and  if  it  is  related  to  development  of  invasive  breast  cancer  during  the 
patient  follow  up  period. 
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Assessment  of  the  accuracy  of  the  Gail  model  in  women  with  atypical  hyperplasia. 

Judy  C.  Boughey,  Lynn  C.  Hartmann,  Amy  C.  Degnim,  Robert  A.  Vierkant,  Karthik 
Ghosh,  Celine  M.  Vachon,  Shaun  D.  Maloney,  Carol  Reynolds,  V.  Shane  Pankratz. 

Background :  An  accurate  estimate  of  an  individual  woman’s  risk  of  breast  cancer  is 
essential  for  patient  counseling  and  management.  Women  with  atypical  hyperplasia  (AH) 
are  at  an  elevated  risk  of  breast  cancer.  Despite  the  widespread  use  of  the  Gail  model,  it 
has  not  been  validated  in  patients  with  AH.  We  evaluate  the  accuracy  of  the  Gail  model 
in  individuals  from  a  well-annotated,  well-characterized  cohort  of  women  with  AH. 

Methods:  The  Mayo  Benign  Breast  Disease  (BBD)  Cohort  is  comprised  of  women  aged 
18  to  85  who  had  an  open  breast  biopsy  at  the  Mayo  Clinic  between  1967  and  1991  with 
benign  pathological  findings.  Women  with  atypical  ductal  or  lobular  hyperplasia  were 
identified  by  our  study  pathologists.  Each  individual’s  risk  factors  for  breast  cancer  were 
obtained  and  the  Gail  model  was  used  to  predict  five-year,  follow-up  specific  and  lifetime 
(age  90)  risks  for  each  woman.  For  the  group  level  evaluation,  the  predicted  numbers  of 
breast  cancers  were  compared  to  the  observed  numbers.  For  the  individual-specific 
assessment,  the  concordance  statistic  was  calculated. 

Results :  Of  the  9,376  women  in  the  cohort,  33 1  women  (3.5%)  had  AH,  which  make  up 
this  study  group.  Over  a  mean  follow  up  of  13.7  years,  66  (20%)  women  have  developed 
breast  cancer.  The  Gail  model  predicted  31.7  breast  cancers  in  this  length  of  follow  up 
(rate  ratio  [95%  Cl]  =  2.08  [1.64  -  2.65],  p  <  0.001).  The  concordance  statistic,  which 
detennines  the  individual-specific  agreement  between  predicted  and  observed  outcomes, 
suggested  that  the  Gail  model  did  not  predict  well  at  the  individual  level,  with  a 
concordance  between  the  individual-specific  risk  predictions  and  the  observed  breast 
cancer  events  in  the  first  five  years  of  follow-up  of  0.46  (95%  Cl:  0.27  -  0.64).  When 
evaluated  linked  to  length  of  follow-up  the  concordance  was  0.58  (95%  Cl:  0.53  -  0.63). 

Conclusion:  The  Gail  model  significantly  underestimates  the  risk  of  breast  cancer 
development  in  women  with  atypical  hyperplasia.  Physicians  should  be  cautious  when 
using  the  Gail  model  to  counsel  individual  patients  with  atypical  hyperplasia  regarding 
their  risk  of  breast  cancer  development. 
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A  novel,  tissue-based  feature  strongly  associated  with  breast  cancer  risk. 

K.  P.  McKian,  C.  A.  Reynolds,  R.  A.  Vierkant,  S.  Anderson,  M.  H.  Frost,  V.  S.  Pankratz, 
D.  W.  Visscher,  A.  Nassar,  L.  C.  Hartmann. 

Background:  Age-related  involution  of  breast  lobules  (the  anatomic  substructure  that 
gives  rise  to  breast  cancer),  assessed  qualitatively,  is  associated  with  reduced  risk  of 
breast  cancer  (Milanese  et  al,  JNCI  2006).  We  hypothesized  that  a  quantitative 
assessment  of  lobular  involution  could  be  developed  to  predict  breast  cancer  risk  more 
precisely. 


Methods:  We  performed  a  nested  case  control  study  of  86  cases  and  152  controls  (238 
patients)  within  the  Mayo  Clinic  Benign  Breast  Disease  Cohort.  Hematoxylin  and  eosin 
stained  slides  were  scanned  into  the  computer  and  analyzed  using  Webslidebrowser 
software.  The  10  largest  normal  lobules  for  each  patient  were  analyzed  for  area 
measurement  and  number  of  acini  per  lobule.  Means  were  compared  for  cases  and 
controls,  qualitative  involution  status  (none,  partial,  or  complete),  histology 
(nonproliferative,  proliferative  disease  without  atypia,  or  atypical  hyperplasia),  and 
family  history  (none,  weak,  or  strong). 


Results:  Women  who  went  on  to  develop  breast  cancer  had  a  larger  lobular  area 
(59,458p2  vs.  49,22  lp2;  p  =  0.0452)  and  higher  number  of  acini  per  lobule  (21.62 
vs.  16. 1 1 ;  p  =  0.0006)  than  women  who  remained  unaffected.  Women  with  no  involution 
had  a  larger  lobular  area  (102,013p2 )  and  number  of  acini  per  lobule  (35.72)  than  women 
with  partial  (56,945p2,  20.85  acini  per  lobule)  or  complete  involution  (27,254p2,  8.72 
acini  per  lobule)  (p  <  0.0001).  The  difference  between  lobular  area  and  number  of  acini 
per  lobule  was  not  statistically  significant  when  evaluating  for  effect  of  histology  or 
family  history  (p  =  0.153  and  0.4770,  respectively). 


Conclusions:  Lobular  involution  can  be  quantified  and  may  be  useful  as  a  risk  predictor 
for  women  who  have  had  benign  breast  biopsies. 


-60- 


Podium  Presentation:  San  Antonio  Breast  Cancer  Symposium,  December  10-14,  2008, 
San  Antonio,  TX. 

Benign  breast  disease  and  breast  cancer  risk  in  young  women. 

Ghosh  K,  Pankratz  VS,  Reynolds  CA,  Vierkant  RA,  Anderson  SS,  Degnim  AC,  Visscher 
DW,  Frost  MH,  Vachon  CM,  Hartmann  LC.  Mayo  Clinic,  Rochester,  MN;  University  of 
Michigan,  Ann  Arbor,  MI 

Background :  Breast  cancer  is  the  leading  cause  of  cancer  deaths  in  younger  women  (25  to 
49  years  of  age).  Young  women  with  breast  cancer  also  have  worse  overall  survival  and 
increased  risk  of  recurrence  compared  to  older  women  with  breast  cancer.  Innovative 
approaches  to  understanding  risk  factors  and  tissue  characteristics  for  the  younger 
population  can  improve  understanding  of  breast  cancer  etiology  and  enhance  risk- 
stratification  for  these  women.  This  study  was  aimed  at  examining  breast  cancer  risk 
factors  among  young  women  (<50  years)  with  BBD. 

Materials  and  Methods :  Utilizing  the  Mayo  Clinic  Surgical  and  Pathology  Indices, 
women  ages  18  to  85  who  had  benign  excisional  breast  biopsy  between  January  1,  1967 
and  December  31,  1991  were  identified.  The  diagnosis  of  breast  cancer  served  as  the 
study  endpoint  and  was  detennined  using  the  Mayo  medical  record  and  questionnaire 
information  from  study  participants.  The  breast  pathologist,  blinded  to  the  initial 
diagnosis  and  clinical  outcome,  perfonned  pathology  review.  BBD  was  classified  as  non¬ 
proliferative  disease  (NPD),  proliferative  disease  without  atypia  (PDWA),  or  atypical 
hyperplasia  (AH).  Age-related  lobular  involution  (reduction  in  number  and  size  of  acini 
per  lobule)  was  classified  as  none-0%,  partial-  1  to74%,  or  complete-  >75%  involution. 
Relative  risk  (RR)  was  estimated  by  comparing  the  number  of  observed  breast  cancers 
with  the  number  expected,  based  on  breast  cancer  rates  in  the  Iowa  Surveillance, 
Epidemiology,  and  End  Results  registry. 

Results'.  Of  the  9376  women  in  the  Mayo  BBD  cohort,  4460  women  were  aged  <50  years 
at  BBD  diagnosis  and  formed  the  study  cohort.  The  mean  age  at  BBD  diagnosis  was  39.4 
(+  8.3)  years.  With  a  median  follow-up  of  20  years,  326  breast  cancer  cases  were 
identified.  The  histologic  findings  were  NPD  in  72%  of  women,  PDWA  in  26%,  and  AH 
in  2%.  The  relative  risk  of  breast  cancer  for  the  overall  cohort  of  young  women  with 
BBD  was  1.5  (95%  Cl  [1.4,  1.7]).  The  relative  risk  among  those  with  AH  was  6.9  (95% 

Cl  [4.6,  10.1),  compared  with  a  RR  of  2.0  (95%  Cl  [1.7,  2.4])  for  PDWA,  and  RR  of  1.2 
(95%  Cl  [1.0,  1.4])  for  NPD.  Risk  was  associated  with  extent  of  lobular  involution  (RR 
for  no  involution  was  1.7  (95%CI  [1.4,  2.1]);  partial  involution  1.4  (95%CI  [1.2,  1.7]); 
complete  involution  0.7  (95%CI  [0.3,  1.4]).  Family  history  was  available  for  83%  of  the 
cohort  and  RR  was  2.2  (95%  Cl  [1.7,  2.8])  for  women  with  strong  family  history  and  was 
1.3  (95%  Cl  [1.1,  1.6])  for  women  with  no  family  history. 

Discussion'.  Young  women  with  BBD  are  at  increased  risk  of  breast  cancer.  Risk  is  high 
in  women  with  atypical  hyperplasia,  and  those  with  a  family  history  of  breast  cancer. 
Lobular  involution  is  associated  with  reduced  breast  cancer  risk  in  this  population, 
suggesting  a  role  in  modifying  breast  cancer  risk.  These  findings  suggest  the  need  for 
further  research  in  this  population,  along  with  tissue-based  studies  to  examine  the 
processes  leading  to  breast  cancer,  and  enable  identification  of  those  women  at  highest 
risk. 
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Estrogen  Receptor  Expression  in  Atypical  Hyperplasia  and  Its  Association  with 
Type  of  Atypia  and  Age. 

EG  Barr-Fritcher,  LC  Hartmann,  AC  Degnim,  SS  Anderson,  RA  Vierkant,  M  Frost,  DW 
Visscher,  C  Reynolds.  Mayo  Clinic,  Rochester,  MN;  University  of  Michigan,  Ann 
Arbor,  MI 

Background :  Estrogen  receptor  (ER)  expression  is  present  in  normal  breast  epithelium 
and  premalignant  breast  lesions.  Prior  studies  have  shown  that  ER  expression  increases 
with  age  in  nonnal  breast  epithelium;  whereas  no  age  association  was  seen  in  atypical 
hyperplasia  and  carcinoma  in  situ. 

Design:  ER  expression  was  assessed  immunohistochemically  in  archival  sections  from 
246  women  with  atypical  hyperplasia  who  had  an  open  benign  breast  biopsy  between 
1967  and  1991.  The  ACIS®III  (Dako,  Carpinteria,  CA)  was  utilized  to  calculate  ER 
expression  (percent  staining  and  staining  intensity)  in  all  atypical  foci  for  each  woman. 
Using  multivariate  linear  regression,  we  examined  associations  of  ER  expression  with 
age  at  biopsy,  year  of  biopsy,  indication  for  biopsy,  type  of  atypia,  number  of  atypical 
foci,  involution  status,  and  family  history.  Heterogeneity  of  breast  cancer  risk  across 
levels  of  ER  expression  was  also  assessed,  standardized  to  a  control  population  (the  Iowa 
SEER  registry). 

Results:  Among  the  246  women,  87  (35%)  had  ADH,  141  (57%)  had  ALH,  and  the 
remaining  18  (7%)  had  both  ADH  and  ALH.  About  half  (53%)  were  older  than  55  years 
at  diagnosis.  Forty-nine  (20%)  developed  breast  cancer  during  a  median  follow  up  of 
14.4  years.  Multivariate  analysis  indicated  that  type  of  atypia,  year  of  biopsy,  and  age  at 
diagnosis  were  significant  predictors  of  ER  percent  staining  and  intensity  [P<0.05  (see 
Table  1)].  ER  expression  was  increased  in  women  with  ADH  and/or  those  over  the  age  of 
55.  The  relationship  between  ER  (percent  staining  and  intensity)  and  breast  cancer  risk  in 
patients  diagnosed  with  atypia  was  not  significant  (P=0.099  and  P=0. 118,  respectively). 
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Benign  Breast  Disease  in  African-American  Women. 

B  Sharafeldeen,  K  Hayek,  M  Frost,  L  Hartmann,  D  Visscher,  H  Nassar.  Wayne  State 
University,  Detroit;  Mayo  Clinic,  Rochester;  University  of  Michigan,  Ann  Arbor;  Johns 
Hopkins,  Baltimore 

Background:  Women  with  benign  breast  disease  (BBD)  represent  a  large  and  clinically 
important  population.  Specific  histologic  findings  in  BBD  have  been  shown  to  be  strong 
indicators  of  later  risk  of  breast  cancer.  The  major  studies  of  BBD  performed  to  date  have 
been  based  primarily  in  Caucasian- American  (CA)  women.  Thus,  the  prevalence  and 
distribution  pattern  of  BBD  in  African  American  (AA)  women  is  not  well  known. 

Design:  We  reviewed  archival  H  and  E  stained  sections  of  breast  needle  core  and 
excisional  biopsies  perfonned  on  all  AA  women  in  the  years  1998  to  2000  at  our 
institution  and  diagnosed  with  BBD.  BBD  was  classified,  by  one  pathologist,  as 
nonproliferative  (NP),  proliferative  disease  without  atypia  (PDWA)  or  atypical 
hyperplasia  including  ductal  and  lobular  types  (AH),  using  standard  microscopic  criteria. 
We  also  examined  the  status  of  lobular  involution  in  the  same  biospies  and  classified  it  as 
none  or  absent  (<1%),  partial  (1-75%),  or  complete  (75%).  We  compared  lobular 
involution  in  our  population  to  that  of  a  cohort  of  CA  women  with  a  diagnosis  of  BBD 
within  the  same  age  category  (<45y;  45-55y  and  >55y). 

Results:  We  identified  520  AA  patients  with  a  diagnosis  of  BBD  on  breast  biopsy.  The 
mean  age  at  diagnosis  was  46.4  years  (14.7  y).  Seventy-five  percent  were  diagnosed  with 
NP,  22%  with  PDWA,  and  3%  with  AH.  Lobular  involution  increased  with  age.  In 
women  older  than  55  years  however,  the  increase  in  lobular  involution  appeared  to  be 
slower  in  AA  than  in  CA  women  (CA  had  2.7%  none  vs.  44%  complete  and  AA  had  19% 
none  vs.  31%  complete;  p<0.001).  There  was  no  difference  between  AA  and  CA  women 
younger  than  55  years  in  regard  to  the  presence  of  lobular  involution.  Lobular  involution 
was  similar  throughout  the  different  BBD  categories  in  the  AA  population. 

Conclusions:  In  our  series  of  AA  women  with  BBD,  the  distribution  of  BBD  appears  to 
be  similar  to  other  series  (including  mainly  CA  women).  Our  data  on  lobular  involution 
may  indicate  that  AA  undergo  lobular  involution  at  a  different  rate  than  CA  women. 
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Clinical  Analysis  of  Mucocele-Like  Tumors  of  the  Breast:  Analysis  of  a  Large 
Benign  Breast  Disease  Cohort. 

DW  Visscher,  R  Vierkant,  M  Frost,  C  Reynolds,  S  Anderson,  L  Hartmann.  University  of 
Michigan,  Ann  Arbor,  MI;  Mayo  Clinic,  Rochester,  MN 


Background:  Mucocele-like  tumors  (MLT)  of  the  breast  are  unusual  lesions  characterized 
by  cysts  distended  with  mucin  that  also  dissects/extravasates  through  the  epithelium  into 
surrounding  stroma.  They  are  accompanied  by  variable  epithelial  proliferation,  with  an 
increased  frequency  of  associated  atypical  ductal  hyperplasia  (ADH).  It  is  not  known 
whether  MLT  represent  a  risk  factor  for  subsequent  development  of  breast  carcinoma. 

Design :  Our  benign  breast  disease  cohort  is  comprised  of  9376  women  who  underwent 
excisional  breast  biopsy  from  1967-1991.  Slides  from  all  patients  were  reviewed 
retrospectively  in  a  blinded  fashion  and  classified  per  standard  diagnostic  criteria  by  two 
study  pathologists.  Mean  follow  up  is  13.7years.  We  analyzed  subjects  with  MLT 
diagnoses  for  the  frequency  of  proliferative  lesions,  including  ALH/ADH,  and  for  their 
likelihood  of  developing  breast  cancer. 

Results:  The  cohort  contained  70  MLT  (0.75%).  Thirty  patients  (42.9%)  were  >55yrs  of 
age  at  time  of  diagnosis,  24  (34.3%)  were  45-54yrs  and  16  (22.9%)  were  <45yrs.  MLT 
were  more  often  associated  with  proliferative  lesions  (70%  in  MLT  vs  33%  for  the  cohort 
overall).  ALH/ADH  was  present  in  21.4%  MLT  lesions,  vs  3.4%  in  the  cohort  overall 
(p<0.0001).  To  date,  6/70  patients  with  MLT  (8.6%)  have  developed  breast  carcinoma; 
this  frequency  is  not  significantly  different  than  the  BBD  cohort  overall  (p=0.8780). 

Conclusions:  Our  findings  support  previous  studies  showing  a  relationship  between  MLT 
and  atypia.  However,  beyond  the  risk  associated  with  atypia  itself,  we  do  not  observe  an 
additional  risk  of  breast  carcinoma  associated  with  the  presence  of  the  MLT. 
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ABSTRACT 


MClaROUMO 

Benign  breast  disease  is  an  important  risk  factor  fir  breast  caneec  We  studied  a  large 
group  uf  women  wit  h  benign  breast  disease  Id  obtain  reliable  estimates  of  this  risk. 

M  (SHOOS 

We  idennliedall  women  who  received  a  diagnosis  ofbemgu  breast  disease  at  the  Mayo 
dime  between  1967  and  1991 .  Breast-  cutter  events  were  obtained  from  medical  records 
and  questionnaires.  To  estimate  relative  risks,  w*  compared  the  number  of  observed 
breast  cancers  with  die  number  cxpededon  the  basis  of  the  rates  ufbrcast  cancer  in  die 
Iowa  Surveillance  Epidemiology,  and  End  Results  registry. 

RESULTS 

W'c  followed  9087  women  for  a  median  of  1 5  years.  The  lust  ulogic  findings  were  non¬ 
proliferative  lesions  in  67  percent  of  women,  proliferative  lesions  with  tan  atypia  In  ill 
percent,  and  atypical  hyperplasia  in  4  percent  To  date,  707  breast  cancers  have  devel¬ 
oped.  1  he  relative  risk  of  breast  cancer  for  die  cohort  was  1.56(95  percent  confidence 
interval,  1.45  to  1.68),  and  this  increased  risk  persist  edior  at  least  25  years  after  biopsy. 
The  relative  risk  associated  with  atypia  was  4.24  (95  percent  confidence  interval,  3. 26 
to  5.41),  as  compared  with  a  relative  risk  of 1.88 195  percent  confidence  interval,  1.66 
Io212)for  proliferative  changes  without  atypia  and  uf  1.27  (95  percent  contidence  in¬ 
terval,  1.15  to  141)  for  nonproliferative  lesions.  The  strength  of  the  larttilv  history  of 
breast  cancer,  available  for  4808  wnn.cn ,  was  a  risk  factor  tiul  was  independent  ofh  is- 
tologic  findings.  No  increased  risk  was  (bund  among  women  wldi  no  family  history 
and  nonproliferative  findings,  ill  the  first  10  years  after  the  inilial  biopsy,  an  excess  uf 
cancers  occurred  in  the  same  breast.,  especially  in  women  with  atypia. 


From  the  Division,  of  Medical  Oncology 
(LjC.H.  M.H.F..J.|.>  Experimental  PathoL 
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fit?  'Saucer  Center  and  Research  Institute 
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sity  Detroit  (CBJ;  and  the  University  of 
California.  San  Francisco  San  Francisco 
(T.T.).  Address  reprint  requests  to  C'r. 
H  artmann  at  Mayo  Clinic  College  of  Med¬ 
icine  Rochester  MN5SC06. 
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CONCLUSIONS 

Risk  factors  for  breast  oncer  after  I  he  diagnosis  ofbetugn  breast  disease  include  the 
Iftst  ulogic  classification  of  a  benign  breast  lesion  and  a  family  history  ofbteast  cuvttr. 
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Benign  rrba&t  disease  is  an  imi'OR- 
uni  risk  factor  for  a  filer  breast  canter, 
which  an  develop  in  either  lire  as.'  U  en 
compasses  a  spectrum  uthstmlogic  entitle-,  usually 
■.iiMtvi/l/il  tnln  nonprnlih-nlivr  l>-sinn':  prollfpru 
live  lesions  without  atypiu,  and  atypical  hyperplu- 
sias.  vvtlh  an  increased  risk  ofbreasl  cancer  associ¬ 
ated  vvidt  proliferative  or  atypical  lesions.'1'*  I  lie 
identification  of  benign  breast  distasc  has  become 
more  common  as  the  use  of  mammography  has  tn  ■ 
crmseJ.attd  Ulus,  luving  accurate  risk  estimates  for 
women  who  receive  this  diagnosis  is  lmpcuiivt- 
Itn  purtam  questions  rettutn.  however,  about  the 
degree  ol  ri  sk  associated  wit  h  die  a)  mm  on  non  pro- 
lit  eralive  benign  entities  and  die  extent  to  which 
lanidy  his tnry  nillucnccs  l  he  risk  ufhrcasl  canter  in 
women  with  proliferative  or  atypical  lesions.  Du¬ 
pont  and  Page  found  that  women  widi  OOmro  lifer 
cUvediseise  did  mu  have  an  increased  rtsl  ofalat 
er  lireast  cancer.1  By  contrast,  a  companion  smdy 
to  live  National  Surgical  Adiuuni  Breast  and  Bowel 
t'riijecl  INSABI’I  Breast  Cancer  Prevention Trial  (l’l ) 
found  a  relative  reck  oil  .(>  for  women  who  received 
a  diagnosis  of  a  "lower  category"  of  benign  breast 
disease.'  A  limitation  of  die  NSABl1  study  howev¬ 
er,  was  t  he  lack  of  central  pathological  review. 

Anodter  major  question  concerns  the  voNstblc 
interplay  between  atypia  and  a  famOy  history  of 
breast  cancer.  1  lie  Dupoui  and  Page  sittcy  found 
dial  women  vvldt  atypia  and  a  family  history  had  1 1 
times  die  risk  of  those  wiLb  nonproliferative  lesiotes 
and  no  famdy  history.1  However,  two  otha  major 
studies  of  benign  breast  di.seas«f',J  did  noi  rind  a  sig¬ 
nificant  interaction  between  atypia  and  family  bis 
lory.  The  duration  of  increased  risk  after  a  finding 
uf  lie iie;n  cfisc3set»t  biopsy  la  also  uncertain. 1,4,8 
Studies  of  benign  breast  disease  can  also  clarity 

whether  there  is  a  ctHHinuum  of  breast  alterations 
that  culminates  in  breast  cancer.  However,  it  re 
maitia  unclear  winch  of  the  benign  entities  are  ac 
tual  precursors  and  which  reflect  a  background  of 
increased  risk  involving  all  breast  tissue  ina  wom¬ 
an.  Determining  the  extent  of  agreement  aelvvcen 
the  side  I  right  or  left)  of  the  benign  lesion  and  dte 
sulwequcni  breast  cancer  is  me  means  of  assess- 
big  dt  is  e  issues. 

lo  investigate  I  liese  questions,  we  studed  'KIN 7 
women  vvithbenigubreast  disease  forwhornwc  had 
follow-up  dau  on  breast- cancer  events.  T  his  cohort 
has  been  followed  l  ur  a  median  of  15  years,  and  707 
breasLcancers  have  developed,  nuking  this,  lo  our 
knowledge,  otle  of  Lbc  largest  such  studies  of  its 


kind.  We  report  on  t  heriskafbrtast  cancer  accord 
mg  uihisliiloglcfltidiugs.thcagcatdiagnosis  of  be¬ 
nign  bretst  disease,  «d  the  strength  of  the  family 
history.  We  also  recorded  dt  e  side  oil  lie  an  err  I  ip- 

cilsli-rll  .irrnntrdui-r.il  and  llie  timrln  ih'-dinn- 

nutis  of  cancer. 


METHODS 


S TCI DV  POPUCATION 

We  accessed  data  from  die  Mayo  Clime  Surgical  In¬ 
dex  and  Pathology  Index  to  identify  all  worn  at  IN  hi 
B 5  y cirs  o f age  vv ho  had  u udergo  ties u  rgtcai cxcis ion 
of  a  benign  breast  lestun  during  die  25-year  period 
from  lauuary  l,  1967,  dirougti  December  31. 30*11, 
for  women  who  had  mure  dun  one  biopsy  during 
this  period,  we  used  the  first  sample.  1  he  original 
lislcontainedlil  12womcn,but  we  excluded  1.047 
women  lor  any  of  the  following:  a  diagnosis  of 
breast  canceror  lobular  carcinoma  in  siluat,  before, 
t>r  within  cix  mundvi  after  tbs  biopsy  oft  he  benign 
lesurt;  mastectomy  l  laulateral  or  bilateral |  urbreasl 
reduction  at  or  beibre  biopsy;  or  refusal  lo  allow 
use  of  their  medical  records  fir  research-8  This  left 
11,0X5  women.  Of  these,  1051(9.5  penrenl)  hud  no 
lolltiw-up  information  after  die  biopsy.  Thus,  a  total 
of  10,052  women  met  our  criteria  for  study  entry 
and  had  follow-up  iuforttution.  Of  these,  945  worn 
eu  had  unusable  or  unavailable  biopsy  specimens 
of  die  benign  lesion.  I  he  remaining  group  of  90S  7 
women  constitutes  our  study  cohort.  The  relative 
risks  ofbreastcan  cer  I  described  below)  did  not  dif¬ 
fer  significantly  between  the  10,032  women  who 
met  our  criteria  and  die  *108  7  women  who  made  up 
the  study  cohort  (1.39  and  1.56,  respectively). 

rAMICY  HISTOR1  AND  POCCOW-OP 

A  quest  ion  luiredesigncd  fort  his  study  was  used  to 
obtain  infitrmatiun  about  family  history  and  other 
possible  risk  factors  for  breast  cancer.  Thus,  our 
fit  mdy-fus  tnry  data  were  obtained  at  die  time  of  fill 
low-up  contact.  We  categorized  Orally  history  as 
nunc,  weak.  orstrung.T hecrilrru  for  astrongfim- 
Uy  hislnrv  were  as  fill  lows:  at  least  one  first -degree 
rdativewilh  breast  oncer befiire-dteage of  5(1  years 
or  two  ormorercTaUvcs  with  breast  cancer,  with  at 
least  one  being  a  firs t-degree relative.  Any  lesser  de¬ 
gree  i*  family  history  of  breast  cancer  was  catego¬ 
rized  as  weak,  the  questionnaire  also  asked  about 
breast-cancer  occurrences,  follow  up  for  brea  si 
cancer  events  was  abut  obtained  thruugh  dt  c  com 
prehensivc  (inpatient anJ  oulpalenJ  i Mavo  medical 
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rett  rrl  Questionnaire  Informal!  m  was  available  for 
561)  women  (61 .8  percent).  Of  he  questionnaires, 
604  (10.7  percent)  were  completed  by  proxy  (the 
ncx.  of  kin  ofa  deceased  pallet, t).  As  of  August  1, 
2004,  7260  (79.0  percent)  members  of  the  cohort 
were  still  alive.  All  protocol  procedures  and  pjtienl- 
con  act  materials  were  reviewcJ  and  apprised  by 
tlie  instil ul lonal  review  board  i  f  die  Mayo  Clinic; 
tet  urmng  the  contact  materials  was  considered  im¬ 
plied  consent. 

HISrOLOGY 

Stored  hematoxylin- and-cosin  slained  sections 
from  each  participant  went  evaluated  bya  bra  si  pa- 
liiologistwho  was  unaware  of  the  initial  histologic 
diagnoses  and  patient  outcomes.  Biopsy  findings 
were  classified  according  to  the  criteria  ofPagcet 
al.i,u  into  the  folltRving  categories:  nonprolifcraLivc 
fibrocystic  changes,  prolifirrativefibrocystic changes 
without  atypia.  and  proliferative  fibrocystic  chang¬ 


es  with  Jtvpia  'atypical  ductal  hyperplasia,  atypical 
lobular  hyperplasia,  or  both)  (Hg.  I).1-10  Biopsy 
specimens  were  designated  as  having  proliferative 
fibrocystic  changes  if  they  contained  any  of  the  fol¬ 
lowing;  dutlalhypcrplasia(grealerthanmild),  pap¬ 
illoma,  radial  star,  or  sderosing  adenosis.  Cysts, 
fibroadenoma,  or  columnar  changes  were  consid¬ 
ered  nonproliferative  unless!  Ivey  also  contained  one 
oft  he  csions  denoted  above. 

STATISTICAL  ANALYSIS 

the  duraliun  of  follow-up  was  calculated  as  the 
number  ofdays  from  hiopsyof  the  benign  lesion  lo 
ihe  daleiif  the  diagnosisof  breast  cancer,  dealh.  or 
lastcunlacL  We  estimated  relative  risks  on  the  ba¬ 
sis  ofstandardixed  incidence  ratio.'  (SIRs),  dividing 
the  observed  n  urn  hers  of  incident  breast  cancers  by 
popul.tiori -based  expected  count!.  We  calculated 
these  expected  counis  by  apportiuiing  each  wom¬ 
an’s  follow-up  into  five-year  age  and  cilendar- 


Histopathological  Appearance  of  Benign  Breast  Disease  (Hematoxylin  and  Eosin) 

PaielA  shows  nonproli'erattvefibrcrystic  changes:  the  architectureof  the  tetminal-ducr  lobular  unit  it  distorted  by  the 
fotmatton of  microcysts. associatedwith  interlobular tibicsis  Panel  B  shows proliferative hyperplasia Mthoutaypia 
Ths  is  adenosis  a  distinctive  fbim  of  hyperplasia  characterized  ty  the  proliferation  of  lobular  acini  Coming  crowded 
gland-like  structures  For  compariscn  a  normal  lobule  is  on  the  left  tide  Panel  C  also  shows  prolifer  alive  hyper  plasia 
witiout  atypia  This  is  moderate  ductal  hyperplasia  which  is  characterized  hr  a  duetthatis  partially  distended  hr  foper- 
plastic  epithet  ium  withi  n  the  lumen.  Pa  net  D  aga  in  shows  pd  iterative  hy  per  ftasia  without  atypia  tut  this  is  florid  ducta  I 
hyperplasia:  the  involved  duct  is  great!  erpanded  by  a  crowded  tutnbled-appearing  epithelial  proliferation.  Panel  E 
shows  atypical  ductal  hyperplasia:  these  proliferations  ate  characterized  by  a  combination  of  architectural  comp  lev  it. 
wth  pa hial lr  formed  secondary  lumens  and  mild  nudear  hyperchromasia  in  the  epithelial-cell  populaion  Panel  F 
shows  atypical  lobular  hyperplasia:  monotonous  cells  fill  thelumens  of  partially  distended  acini  in  this  tormina  Id  ua  lob¬ 
ular  unit 
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period  lafeyrries,  thereby  accounting  for  differ¬ 
ences  associated  with  the*  variables.  We  used  the 
Iowa  Surveillance,  fcpidcmiulogy,  and  End  Results 
(SEERj  regia  try  as  tile  reference  population  be¬ 
cause  of  its  demographic  similarities  to  the  Mayu 
Clinic  population  (80  percent  of  cohort  members 
reside  in  the  upper  Midwest).  Over  ‘JS  percent  of 
our  cohort  was  white,  equivident  Ut  that  reported  in 
I  isc a  census  data  during  I  lie  study  period.1 1  tn  the 
SIR  analyses,  we  considered  die  time  since  the 
uriginal  biopsy  as  a  time-dependent  variable  and 
all  odier  factors  as  fixed. 

Associations  between  the  risk  of  breast  cancer 
and  histologic  findings,  die  age  at  diagnosis  of  be¬ 


nign  breast  disease,  and  the  strength  of  the  family 
h  istor/  of  cancer,  as  well  as  pairwise  cat!  biuadons 
of  these  variables,  were  examined  with  the  use  of 
Cox  proportional •  hazards  regression  ataly  sis.  1  he 
main  effects  for  cadi  categorized  variable  and  the 
corresponding  interaction  terms  were  included  in 
each  model,  and  the  statistical  significance  of  each 
intemedon  was  evaluated  with  theuseo1  a  multiple 
degree-of- freedom  likelihood-  ratio  tes:. 

We  studied  ipstUtcr.il  and  contralateral  breast 
cancer  as  a  function  of  the  time  since  biopsy  by  es- 
limatiig  the  relative  risk  of  cancer  in  the  same  as 
compared  with  the  opposite  breast  for  :ive-ycar  in¬ 
tervals.  When  cdcuUling  the  incident  of  ipsilal 


izt  i  Characteristics  of  the  women  According  to  th«  Histologic  Citegory  of  Bengn  Breast  Disease.' 


Ourartprictir 

All  Women 
IN— 90*71 

Nonproliferative 

Dsease 

(N-COAI) 

Proliferative 
Disease 
withoutAtypia 
(N—  7690) 

Atypical 

Hyperplasia 

(H-fW) 

Pei  centage  of  total 

loo.o 

66.7 

29.6 

3.7 

Age  aibicpjf —  no  of  women  (9i) 
Hoyt 

1S4!  (20.3) 

1500  (24.7) 

323  (12.0) 

11(5.4) 

40-49  yr 

2474  (27.2) 

1621  (26.7) 

770  (28.6) 

8)  (24.7) 

50-59  yr 

2145  (23.6) 

1297  (21.4) 

759  (211) 

39(265) 

60-69  yr 

1639  (13.0) 

1034  (17.1) 

522  (19.4) 

8J  (24.7) 

*7oyt 

934  (10.9) 

609  (10.0) 

316  (11.7) 

6)  (18.8) 

Mean  a  ge  at  biopsy  — yr 

51.4*14.3 

49.9*143 

53.9*12.6 

57  3*12.3 

Menopausal  status  at  hops'- 

—  no.  of  women  (96)f 


FVemenopausa  1  (<45  yr) 

2948  (3X4) 

22*6  (37  1) 

652  (24 X) 

50(14.9) 

Perimenopausal  (45-55  yfi 

2583  (28.4) 

160(26.6) 

371  (32.4) 

lo:  (304) 

Postmenopausal  (>55yr) 

3556(39.1) 

2205  (36.4) 

1167  (4  3  4) 

134  (54.3) 

Family  hisiorr  ofbreasrcanca 
—  no.  of  women  (&) 

Unfnown 

4279(47.1) 

2970  (49,0) 

1170  (43  .5) 

130(41.4) 

Known 

4*na  (57  0) 

inoi  (SI  0) 

1 57n  (56  5) 

10’  (5  «n) 

None 

2661  (55.5) 

1735  (56.1) 

831  (54  7) 

101  (51.8) 

Weal 

1174  (24.4) 

756  (24,5) 

378  (24.9) 

40(20  3) 

Strong 

966(20.1) 

600  (19.4) 

311(205) 

5!  (27  9) 

Breast-cancer  status  as  of  August  2004  — 
no.  of  women  (94) 

Negative 

8330(92.2) 

S6f2  (93  7) 

2426  (90.2) 

272  (81.0) 

Positive 

707  (7,8) 

379(63) 

264  (9.8) 

64(19.0) 

Vital  status  —  no.  of  women  "%) 

Deceased 

1827  (2U.1) 

1172  (19 J) 

3(56  (21,u) 

a*  (265) 

Alfve 

7260(79.9) 

4819(80.7) 

2124  (7  9  0) 

24’  (73.5) 

*  Plus- minus  values  are  means  tSD 

■(Menopausal  status  was  categaced  according  to  the  age  at  breast  biopsy 
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nal  canter,  we  censored  follow  up  an  women  with 
luntrahicnl  cancerafttr  the  date  of  diagnosis.  Sim¬ 
ilarly,  when  calculating  the  incidence  of  utnlrakil- 
cral  cancer,  we  censured  follow-up  on  women  with 
ipcihllerxl  cancer  alter  the  date  uf  dbgnosis.  Data 
on  women  missing  inlitrmation  on  the  side  of  the 
cancer  or  women  w  ho  had  bilateral  biopsies  or  can 
err  were  not  included  in  these  analyses.  This  ap 
proach  yields-  identical  numbers  ol'person-ycars  for 
eicb  type  of  event  As  a  resulL  the  length  uf  follow 
up  is  no  longer  a  factor  in  die  analysis  and  the  rela 
live  risks  arc  equivalent  to  simple  ados  of  event 
counts.  We  t  heref  ore  used  properties  of  the  bint  uni 
al  distribution  lu  obtain  exact  l’  values  and  'JS  per 
cent  confidence  intervals  fur  thee  relative  risks.11 
Statistical  tests  were  two-sided,  and  analyses  were 
conducted  with  th  c  use  ofS  AS  ( SAS )  and  Splits  (In¬ 
sightful)  software. 


RESULTS 


C  HA  RACIER  1ST  ICS  Or  FArtENTS 
ANO  PATHOLOGICAL  SPECIMENS 

The  final  cohort  core-, If. frv!  ufflQH 7  women  with  be 
nign  breast  diseascasdetermincd  bvopen  surgical 
biopsy.  Table  1  shows  the  age  at  the  umcofthc  bi¬ 
opsy,  likely  menopausal  status  on  tbebasiso!  age, 
and  the  strength  uf  die  family  history  of  breast 
cancer  according  to  the  hisuilogic  findings  tor  t  lie 
benign  lesion.  The  broad  histologic  classifications 
Included  nmproliterauvcdlseaxe  in 6061 166.7  per 
cent),  proltteradve  disci se  without  atypia  in  26UM 
1 29.6  percent ),  and  aty  pical  h  ypcrplas  ia  in  3  %  ( 3.7 
percent).  Figure  1  shows  examples  of  these  lesions 
1  he  mean  age  was  5 1.4  years,  but  women  with  nun 
prulilcnuvc  findings  were  shgli dv younger,  where 
as  those  with  atypia  tended  to  be  older  (mein  age, 


Tin-  Risk  Factors  for  Breast  Cancer  after  the  Diagnosis  of  Benign  Bieast  Disease .* 


Characteristic 

No  of 
Women 

Person- 
Yea  is 

No.  of 
Observed 
Events 

No  of 
Expected 
Events 

Relative  Risk  [95%  Cl)  7 

Overall 

9037 

144.181 

707 

453  0 

1.56  (145-1.68) 

Age  at  diagnosis  of  benign  breast 
disease 

-c3oyr 

726 

13.593 

21 

11.5 

1.83  (1.13-2  80) 

30-39yr 

1115 

20,169 

71 

38.3 

1.85  (145-2.34) 

40-49  yr 

2474 

45780 

212 

1363 

1  56  (1.35-1.78) 

5o-59yr 

2145 

34100 

1% 

125.9 

1.56  (1.35-1  79) 

60-69  yr 

1639 

21364 

142 

94.5 

1  50  (1.27-1.77) 

a7oyr 

981 

9.874 

65 

46.6 

1.40  (1  08-1.78) 

Menopausal  statusf 

Premenopausal  iage  vUyri 

D4  419 

169 

lOb.l 

i.b9 

Perimencpausal  (age45-55yr) 

2583 

45,872 

245 

1534 

1  60  (140-1.81) 

Postmenopausal  (age  -55  yr) 

3556 

44  590 

293 

193.6 

1.51  (1.35-1.70) 

Histologic  findings 

Nonproliferative  disease 

6061 

99 109 

379 

297  7 

127(1.15-141) 

Proliferative  disease  without  aty  pia 

2690 

41  610 

264 

1402 

1.88  (1  66-2.12) 

Aty  pical  hyperplasia 

336 

4.161 

64 

15.1 

424  (3.26-5  41) 

Family  historr  of  breast  cancerj 

None 

2663 

44  974 

171 

1454 

1.18(101-137) 

Weak 

1174 

21472 

65.9 

1.43  (1.15-1.75) 

Strong 

966 

18087 

llo 

57.0 

1.93  (1  58-2.32) 

*  Numbers  of  women  person-feats  and  events  ma.  not  sum  to  overall  totals  because  of  rounding, 
f  The  relative  risk  reflects  die  observed  number  of  events  as  compared  with  the  number  expected  on  the  basis  of  Iowa 
SEER  data  All  analyses  account  for  the  elects  of  age  and  calenda  r  period  Cl  denotes  confidence  interval 

Y  Meropousal  status  ajc  categorized  according  to  the  age  at  breast  biop?, 

\  Information  on  farnil/  history  was  available  for  4J08  of  die  women 
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49.9  and  57.8  years,  respectively;  1*<0.U01 ).  lufor- 
malum  on  binllv  history  was  available  lor  4K(H 
women  and  was  ivc  In  2668  155.5  percent), 


r  »i  m  -  /  PisC-Factor  Iriteiaclon  Profiles  for  Bon.en  Breast 
Disease,  Comparing  the  Number  of  bents  Observed 
with  the  Number  Expected. 

Expected  events  account  for  age  and  calendar  period  and 
arecalculated  with  the  use  of  Iowa  SEEP  rates  Cl  denotes 
confidence  interval  NPnonpidKeratrvedisease  PDWA 
proliferate  disease  without  abrpia  and  A  H  at  pical  It, per 
plesia 


weakly  positive  in  1174(24.4pcrcenl).  and  Stroup 
ly  positive  in  966  (20.1  percent).  More  women  with 
atypia  than  withoul  atypia  had  a  strong  l  amilv  his¬ 
tory  ufhrcast  cancer  (27.*JperccuLvs.  10.8  percent, 
P=tt06).Tbe  risk  ofcanccr  was  highest  in  die  group 
with  atypia:  lireasl  cancer  developed  in  64  of  the 
836  svoroen  (19.11  percent). 

FEATURES  OF  SCNICN  BREAST  DISEASE 
AN  P  SUBSEQUENT  Risk  OF  ERE  AST  CANCER 

Patients  tit  tluc  cohort  were  fofltAVcd  fur  a  median 
of"  15  wars.  A  total  off  82  7  women  (20.1  percent) 
had  died  and  72fit)  (79.9  percenl)  were  alive  as  of 
August  21KI4.  VVebave  documented  7U7breasUan- 
cers  In  dale.  I  he  median  time  from  the  original  bi¬ 
opsy  in  the  diagnosis  of  bretst  cancer  was  10.7 
vears,  fable  2  shows  the  estimated  relative  risks  of 
breast  cancer  associated  with  lire  age  at  the  initial 
biopsy,  the  strcntjh  of  ihe  family  history,  meno¬ 
pausal  slants,  and  Ills  tologic  findings  of  the  biop¬ 
sy.  as  compared  with  expected  population -based 
incidence.  The  estittuied  relauveriskofbreastcan- 
cer  in  die  cohort  was  1.56  (95  percent  confidence 
interval,  L45  to  1.68).  1  he  risk  was  inversely  asses 
dated  witbtheagealbiopsy,  wilh  younger  worn  or 
h  avlng  a  greaitr  risk  than  older  wum  cn.  The  type  of 
benigo  breast  disease  identilied  at  biopsy  was  a 
major  predictor  of  risk.  Alypicrl  hyperplasia  had  a 
relative  risk  of 4. 24  (95  percent  confidence  interval 
3-26  to  5,411,  proliferative  disease  without  atypia 
had  a  relative  risk  of  1.88  195  percenl  confidence 
inlcrval,  1.66 to  2.12),  and  non  proliferative  lesions 
had  a  reLabvc  risk  of  1-27  195  percent  cnnfidcncr 
inlrrv.il,  1.15  to  1.41).  family  history  was  an  inde¬ 
pendent  risk  factor,  tor  women  with  no  known 
iamily  history  of  breist  cancer,  die  relative  risk  was 
only  1.18  (95  pcicenl  confidence  interval.  1.01  to 
1.37),  as  compared  with  1.43  (95  percenl  confi¬ 
dence  interval,  1.15  to  1.75)  frirworocnwiihaweak 
famdy  history  and  1.93 195  percent  confidence  in¬ 
terval,  1 .58  to  2. 32)  for  those  with  a  strong  family 
history. 
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Figure  2  >Iu>m«  passible  interactions  beivveai 
[ii  its  of  lilt  tuiur  risk  factors  of  J[j;.  histologic 
findings,  me  family  fiislory.  No  significant  inter 
aclludswere observed  hetweenage  and  family  his- 
inryorbetvwm  liLslologlc  findings  and  tunily  his 
lory,  including aiypu and  family  htslory.  However, 
lliere  was  a  signific-anl  inlorarfiim  between  age  and 
histologic  findings  (£=0.051: 1  lie  risk  of  brost  can¬ 
cer  was  6.99  times  the  expected  risk  among  wurnm 
wtm  reteivctl3  diagmsi-  ufjtypia  before  l  he  cut  of 
45  years;  the  risk  was  5.02  times  die  expected  risk 
when  the  at  ypiaivas  diagnosed  between  die  ages  of 
45  and  S5  years  and  i.37  times  the  expected  risk 
wlicn  it  was  dagnosed  after  the  age  of  55  years.  An 
important  fir  ding  was  that  for  women  with  non 
proliferauve  disease  and  nofamdy  his  lory  or  a  weak 
tamily  fusion,  there  was  no  increase  in  the  risk  of 
breast  cancer. 


TIME  CO  IEN1IAHD  TIDE  OP  BIIAET  CANCII 
AFTES  BENIGN  BREAST  DISEASE 

Figure  3  shin's  l  he  observed  and  ex|>ected  numbers 
of  an  ccrs  at  livteyearintcrvals.  1  tic  excess  risk  per- 
sis teil  tor  at  east  25  years  after  the  initial  biopsy 
and  perhaps  for  30  years  or  mure,  buiaccuracy  was 
kov  after  25  wars.  Figure  a  shows  a  furdier  brok 
di'  wn  ofbreas I  cancers  ini o  ipsilaterai  or  ami  ral.it 
eral  according  In  the  histologic  findings  in  the  be¬ 
nign  lesion.  Of  the  616  unilateral  cancers,  142155.5 
percent)  developed  in  the  same  bras l  as  the  initial 
biopsy  and  274 1 44.5  percent)  developed  in  I  beam 
tralaleral  breast.  In  die  remaining  91  cases,  there 
were  bilateral  events,  eidter  benign  nr  malignant  or 
intonnaliun  on  die  side  of  the  cancer  was  missing. 
During  the  first  10  years,  there  was  an  excess  ut  ip¬ 
silaterai  uineirs.  with  relative  risksof  ipsdateral  as 
compared  with  cumcilaterd  cancerof  1.88  (95  [>«• 
cent  confidence  interval.  1.53  to  2.04)  iiir  years 
0  through  baud  1.34(95  percent  amlidence inter 
vul,  0.90  to  1.85)  hit  years  h  ihroiigli  10.  1  be  35 
women  widialvpu  in  whom  breast  cancer  devcf 
iiped  wiLhin  10  years  after  the  initial  biopsy  were 
25  times  as  likely  (P=0.t)2)  lo  have  die  ancer  in 
die  same  breist  as  in  die  opposite  breast 


DISCUSSION 

RdrospccUvt  and  prospective  studies  lave  shown 
a  relative  ris  k  uf  breast  cancer  ol  1 .5  to  1 . 0  fur  w  om¬ 
en  with  Ijctlign  breast  disease  as  compared  with 
WAimcn  in  die  general  population.1'’”*’"  fhe  his 
loluglc  appearance  of  the  benign  lesion  is-  a  major 
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Ymet  since  Dl Agnosia  of  Benton  Beta  cl  DBase 

I  ru.c  )  Tire  Niniiber  of  DieoAf  Cincera  Obaetved  «s  CompAred 
with  tile  Numbei  Eipected  over  Time. 

Speced  Everts  iccount  for  age  and  calendar  period  a  rid  am  calculated 
with  tire  useof  lewa  SEEP  rates,  Cl  denotes  confidence  intavil 


deterniinanl  of  risk,  yel  not  all  large  studies  havt 
iiad  access  to  dssuc  for  re-review.  Our  invesfiga 
lion  was  based  on  a  smgJe-at-slUuUon  resource 
with  ling- term  and  complete  follow-up  for  cancer 
events.  All  samples  containing  the  benign  lesion 
were  read  by  a  breast  pathologist  who  applied  cur¬ 
rent  histologic  ctissificUEms.  More  than  700  breast 
cancers  developed  ut  diis  cohort  giving  our  study 
good  datisucal  power.  The  relative  risk  of  breast 
cancerfdrour  cohort  overall  was  1.56 195  percent 
confidence  interval.  1 ,45  to  1 .68 ),  and  this  increased 
risk  persisted  for  at  least  25  years  alter  the  Initial 
biopsy 

Ilic  histologic  apparatus  of  the  bemgn  lesion 
is  s  ten  r  gly  a*  sociated  w  ith  the  ris  k  of  b  reas  t  cancer. 
For  biopsies  with  mm  proliferative  findings,  live  rd 
alive  risk  was  1.27  (95  percent  cunfidcnce  interval 
1.15  u  1.41),  as  compared  with  a  relative  nsk  of 
1.88  |95  percent  confidence  ini ervat  166  lo  2.12) 
for  findings  of  proliferative  changes  but  no  atypia 
md  of4.24  (95  percent  confidence  interval,  3.26  ui 
5.41)  fora  finding  of' atypical  hyperplasia.  When 
file  family  hislurv  is  known,  risk  profiles  can  here 
fined.  For  women  with  nonproliferative  finding; 
and  ni  family  history  or  a  weak  family  hislurv  of 
breist  .ancer,  we  observed  no  increased  risk,  ibis 
fin  din  pis  important  because  a  sizable  proportion 
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fifu,-  -i  Comparison  of  the  Numb«  oflpslUtenl  Breast  Cancers  with  tlie 
Number  of  Contralateral  Breast  Cancers  over  Time.  According  to  the  Histo- 
logic  Appearance  of  Benign  Breast  Disease 

Results  areshoem  for  616  cancers  042  i  (Bilateral  and  274  contralateral  can¬ 
cers)  The  remaining  91  cases inc lisle  eomen  with  bi lateral  benign  or  malig¬ 
nant  lesions  or  for  whom  die  side  ol  the  benign  ormallgnant  lesion  eras 
unknown  Cl  denotes  confidence intenral 


of  womci  with  benign  breast  disease  arc  in  this 
group(52  percenlof  our  cohort  Witha  known  lam 
Uy  his  birr  stains  j.  Dupun  I  and  hast-  made  a  s  imllar 
obscrvaii  m  in  dieir  l‘J85  repurl."  However,  arccenl 
NSABP  study  found  a  significantly  increased  risk  of 
brcasl  career  among  women  with  lower- category 
benign  brasl  disease,  including  nonproliferative 
disase.'  In  die  NSABl’  1’1  (rial,  which  included 
more  tha  t  17,000  written.  1576  had  a  breast  biop¬ 
sy  with  benign  findings  over  a  mean  hdlotv-up  pe¬ 
riod  ol  70  mouths.  Breast  cancerdeveloped  in  47  of 
these  women.  On  ihe  basis  of  pathology  reports 
Hum  cuuxibuung centers,  the invest  ignors  report¬ 
ed  a  relative  risk  of  16  among  women  with  lower 
calefjiry  findings  on  breast  biopsy  as  arm  pared 
with  1*1  parbufunls  who  did  not  undergo  a  breast 
biopsy.' 

In  oursludy,  die  degree oftamily  historywas  an 
independent  risk  factor,  In  wrmen  widi  a  strong 
family  huiory  of  breast  cancer,  even  nonprulilera- 
Uvefindltgs  were  associated  with  a  nskratioofl.62 
this  subgroup  may  parallel  die  high-risk  NSAISP 
cohort'  Women  withatypiaare  at  significantly  in¬ 


creased  risk,  but  a  family  history  did  not  significant 
ly  modify  Ihe  atypia-associaird  its  k  I  rig.  2).  1  lie  ris  k 
was  four  times  ihe  mpectrd  risk  among  women 
with  a  typia  and  a  font  ilv  htsmryofbreastcanccr,  re¬ 
gardless  at  lire  d-.-grteol  tlruir  family  history;  among 
women  wtdi  atypia  without;  family  hiauuy  of  breast 
cancer,  tbc  risk  ralto  was  Z'tb  (D5  percent  umli- 
deuce  uuerval,  1.65  u>4.87:. 

I  bcage  at  dir  diagnosis  uf  benign  brasl  disease 
appears  In  modify  die  risks  related  to  I  he  hislologic 
appearance  ofbeiugn  bra  if  disease.  the  presence 
of  atypia  in  women  under  4i  years  of  age  conveyed 
twice  die  riskobservedanumg  women  over  55  years 
of  age  16.yj  and  5.37,  respectively),  winch  might  re¬ 
late,  in  pari ,  in  menopausal  slai  us.  I  he  BreaslCan 
ccr  Detection  and  Demonstration  Project  showed 
thal  die  risk  of  breast  cancer  amougpremenopa  us 
al  Warn  at  w  idi  alypia  was  elevated  by  a  factor  uf  120 
(05  percent  roniidence  inlcr.'al.i.Uto  68.(J),ascum 
pared  with  3.5  among  postncnupausal  women  with 
atypia  (05  percent  confidence  interval,  1.1  to  10.0), 
but  die  numbers  of  palieits  in  die  study  were 
small/1  Ihe  Nurses  Heald  Study  also  showed  an 
increased  risk  of  breast  career  among  premeno¬ 
pausal  women  with  atypia.’ However,  in  the  NS  AKP 
study  of  women  widi  lower  categories  of  benign 
brcasl  disease,  Ihe  risk  oi  l; rust  cancer  was  greatest 
among  postmenopausal  wi  men,' 

Understanding  die  risk  associated  with  benign 
breast  disease  is  impirianlbeau.se  the  increasing 
use  of  mam  mographyhas  increased  the  frequency 
ofbreasl  biopsies,  most  of  which  yield  benign  find¬ 
ings.  In  a  retrospective  study  ofworoen  undergoing 
jtimul  mammographic  screening,  Elmore  el  al. 
found  dial  18.6  percent  ot  women  underwent  a  bi¬ 
opsy  after  111  screening  mammograms /’  Ihe  use 
of  hormone  dierapy  nuv  also  lflect  die  frequency 
ofbreasl  biopsies.  Ghtebowski  etal..  repordng  for 
the  Women 's  Health  I niuauve  invest  nature.  found 
lhal  relatively  short-term  therapy  wilh  estrogen  plus 
progestin  increased  t  he  percentage  of women  widi 
abnormal  mammograms,  a  major  indicauir  for 
breast  biopsy/* 

Regarding  die  possibility  of  malignant  precur 
sors  within  benign  breast  disease,  we  have  In  for 
malion  on  the  side  and  (he  Hue  to  breast  cancer  lor 
616  unilateral  events.  An  eiciss  ol  breast  cancers 
occurred  in  thesame  breast  during  die  first  years  of 
follow- up,  especially  In  woneti  with  alvpa  (t:ig.  4], 
Thisfiudittgsuggests  that  precursors  In  brtastcan 
cer  exist  in  benign  breast  disease,  work  m  model 
systems  of  early  steps  in  nummary  carcinogenesis 
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has  Ultniifictl  ulieraUims  in  key  regulatory  tiKltca- 
tor  a  that  tan  be  studied  in  selected  benign  breast 
lesions.*1** 

In  sumituty.  our  study  shows  dial  histologic 
features .  the  ige  at  biopsy,  and  I  lie  degree  nl  family 
history  are  major  determinants  ot  the  riskol  breast 
cmccr  after  die  diagnosis  ofbemgn  breast  disease. 
We  found  no  increased  risk  .itooup  women  widt 
nunpritlilcntivc  lesions,  utdessa  strong  family  his 
Inrv  tv  is  present.  NostguiUcanl  interaction  between 
atypta  and  faintly  history  was  apparcuL.  The  excess 


risk  of  cancer  in  die  ipsilateral  breast  in  die  lirst  10 
years  afterthe  diagnosis  of  lienign  breast  disease, 
especially  in  women  widi  atypia,  polttLs  to  die  pres¬ 
ent::  ofpretursurs  in  some  women. 
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An  Analysis  of  Breast  Cancer  Risk  in  Women  With 
Single,  Multiple,  and  Atypical  Papilloma 

Jason  T.  Lewis.  MD*  Lynn  C.  Hartmann.  MD,}  Robert  A.  Vierkant.  MAS,} 

Shaun  D.  Maloney,  BA.}  V.  Shane  Pankratz,  PhD.}  Teresa  M.  Alters ,f  Marlene  H.  Frost.  PhD,} 

and  Daniel  W.  Visscher,  MD* 


Abstract:  Breast  papillomas  may  be  single  or  multiple  and 
associated  with  atypical  ductal  or  lobular  hyperplasias  (ADH/ 
ALH).  The  risk  of  breast  carcinoma  development  in  patients 
with  papillomas,  particularly  those  with  multiple  or  atypical 
lesions,  is  incompletely  defined.  Fibrocystic  lesions  were 
histopathologically  classified  in  a  benign  breast  disease  cohort 
of  9155  who  uncerwent  biopsy  from  1967  to  1991,  with 
papilloma  assessment  in  9108.  Individuals  with  papillomas 
(N  =  480)  were  classified  into  4  groups:  single  papilloma  (SP, 
N  =  372),  single  papilloma  with  ADH  or  ALH  (SP  +  A, 
N  -  54),  multiple  ( >  5)  papillomas  (MP,  N  =  41),  and  multiple 
papillomas  with  ADH  or  ALH  (MP-A.  N  -  13).  Those 
without  papillomas  were  classified  as  nonproliferative  (NP, 
N  -  6053).  proliferative  without  atypia  (PDWA,  N  =  2308), 
and  ADH, ALH  [atypical  hyperplasia  (.AH).  N  =  267].  The 
relative  risk  of  cancer  development  within  our  cohort  was 
compared  to  that  expected  in  the  general  population  using 
standardized  incidence  ratios.  The  relative  risk  of  breast  cancer 
development  associated  with  SP  [2.04,  95%  confidence  interval 
(Cl  )  1 .43-2.81]  was  greater  titan  NP  ( 1 .28 . 95%  Cl  1 . 1 6- 1 .42)  but 
similar  to  PDWA  (1.90,  95%  Cl  1 .66-2.16).  The  risk  associated 
w  ith  SP  -  A  (5. II,  95%  Cl  2.64-8.92)  was  highly  elevated  but 
not  substantively  different  than  atypical  hyperplasia  (4.17,  95% 
Cl  3.10-5.50).  Patients  with  MP  are  at  increased  risk  compared 
with  PDWA  or  SP  (3.01,  95%  Cl  1.10-6.55),  particularly  those 
with  MP+  A  (7.01.  95%  Cl  1.91-17.97).  There  was  a  marginal 
increase  in  breast  cancer  risk  (16%)  among  patients  with 
proliferative  disease  if  a  papilloma  was  present,  but  this  did 
not  reach  statistical  significance  ( P  =  0.29).  The  observed 
frequency  of  ipsilateral  (vs.  contralateral)  breast  cancer  deve¬ 
lopment  in  papilloma  subsets  was  not  significantly  different  than 
other  patient  groups.  We  conclude  that  SP  imparts  a  cancer  risk 
similar  to  conventional  proliferative  fibrocystic  change.  The 
presence  of  papilloma  in.  or  associated  with,  atypia  does  not 
modify  the  risk  connotation  of  ADH, ALII  overall.  MP 
constitutes  a  proliferative  breast  disease  subset  having  unique 
clinical  and  biologic  behavior. 
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(Am  J  Surg  Pathol  2006;30:665-672) 

Papillomas  of  the  breast  are  defined  by  a  constellation 
of  pathologic  findings  including:  (1)  a  discrete 
intraductal  polypoid  lesion  with,  (2;  an  arborizing 
fibrovascular  stroma  covered  by  a  layer  of  myoepithe¬ 
lium,  and  (3)  a  second  layer  of  columnar  or  euboidal 
epithelium.  They  often  form  palpable  nodules,  reaching 
considerable  size  in  some  cases,  although  many  are 
microscopic.4'5'12'13  They  are  informally  classified  by 
anatomic  location:  cenlral/subareolar  papillomas  are 
usually  single  but  may  reach  coasiderable  size  and 
become  symptomatic.  Peripheral  lesions,  in  contrast,  are 
generally  smaller  bul  may  be  multiple  and  recurrent. 
Papillomas  are  often  accompanied  by  significant  epithe¬ 
lial  hyperplasia  and/or  periductal  sclerosis,  resulting  in 
microscopically  complex  lesions.1'11'25  Atypical  hyper¬ 
plasia  (AH)  may  also  be  present  within  or  adjacent  lo 
papilloma.11 25  In  these  so-called  atypical  papillomas,  Ihe 
histologic  distinction  from  ductal  carcinoma  in  silu  may 
be  extremely  problematic. 

Most  early  investigators  considered  intraductal 
papillomas  to  be  benign  lesions  without  malignant 
potential  or  implied  risk  of  developing  a  subsequent 
carcinoma. 1314  More  recent  studies  have  demonstrated 
that  these  lesions,  like  other  forms  of  proliferative  breast 
disease,  do  increase  the  risk  of  developing  carcino- 
ma  5.6.WU5  Some  have  suggested  that  papillomas  may 
behave  as  direct  precursor  lesions.’  27  Neither  view, 
however,  has  been  empirically  tested  in  a  sufficiently 
large  cohort  of  patients  with  long  tern  follow-up  and 
appropriate  population  controls.  Further,  most  studies 
which  specifically  address  pathologic  subsets  thought  lo 
be  biologically  more  aggressive,  such  as  multiple  papillo¬ 
ma  or  atypical  papilloma,  consist  of  relatively  small 
numbers  or  are  enriched  by  selective  inclusion  of  cases 
derived  from  referral  consult  practices. 1,1 '25'2S 

We  have  recently  completed  pathologic  evaluation 
of  a  benign  breast  disease  cohort,  consisting  of  all  open 
benign  breast  biopsies  performed  at  the  Mayo  Clinic 
between  1967  and  1991  (N  =  9 155 ). 1 5  All  papillary  lesions 
present  in  these  biopsies  were  routinely  defined  as  a 
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component  of  our  microscopic  examination.  Our  objec¬ 
tive  in  this  study  is  to  survey  the  incidence,  histologic 
patterns  and  relative  cancer  risk  associated  with  benign 
papillomas  of  the  breast.  We  will  specifically  address  the 
significance  of  multiple  papillomas  and  papillomas  with 
alypia  and  whether  there  is  evidence  to  suggest  they  are 
direct  precursors. 

MATERIALS  AND  METHODS 
Palienl  Selection 

Patients  with  benign  diagnoses  on  open  excisional 
biopsy  (OEB)  of  the  breast,  performed  between  January 
1,  1967  and  December  31,  1991,  constituted  the  study 
population.  Searching  the  Mayo  Clinic  Surgical  Index 
and  Pathology  Index  identified  the  cases.  The  details  of 
the  derivation  of  the  study  cohort  have  been  published 
previously.15  Briefly,  subjects  were  excluded  from 
the  study  if  they  met  one  or  more  of  the  following  criteria; 

(1)  cancer  diagnosis  before,  at,  or  within  6  months  of 
the  OFR  (accounting  for  possible  occult  malignancy) 

(2)  unilateral  or  bilateral  mastectomy  or  reduction  before 
OEB,  (3)  refusal  of  research  authorization.  (4)  no  follow¬ 
up  information  available,  or  (5)  slides  unavailable.  Of  the 
9155  women  who  met  the  study  criteria,  papilloma 
information  for  47  were  unavailable.  The  resulting  9108 
patients  constituted  the  study  cohort,  with  a  mean  follow¬ 
up  of  16  years. 

Pathology  Review 

A  pathologist  with  expertise  in  breast  pathology 
(D.V.)  reviewed  the  original  hematoxylin  and  eosin 
(H&E)  stained  slides  of  all  cases  without  knowledge  of 
original  diagnosis  or  subsequent  outcome.  Cases  were 
classified  into  one  of  three  general  categories:  nonproli¬ 
ferative  (NP)  fibrocystic  changes,  proliferative  changes 
without  alypia  (PDWA),  and  AH.  NP  fibrocystic  changes 
included  cyst  formation,  stromal  fibrosis,  apocrine 
metaplasia,  and  noncomplex  fibroadenoma.  Proliferative 
changes  without  atypia  included  ductal  hyperplasia  of 
usual  type,  sclerosing  adenosis,  radial  scars/complex 
sclerosing  lesions,  and  papilloma!  s).  Atypical  ductal  or 
lobular  hyperplasia  (ADH/ALH)  constituted  the  AH 
category  and  the  presence  or  absence  of  each  was 
documented  in  each  case.  The  criteria  for  classification 
as  AH  (see  below)  were  applied  to  epithelial  proliferations 
within  or  outside  of  the  papilloma. 

A  papilloma  was  defined  as  an  intraductal  epithelial 
proliferation  of  any  size  that  is  supported  by  branching 
fibrovascular  stalks  that  contains  myoepithelium.  In 
many  eases  they  were  not  the  predominant  lesions  in 
the  biopsy  specimen  (eg,  florid  duct  hyperplasia  with 
an  incidental,  microscopic  papilloma).  Papillomas  were 
classified  as  solitary  (SP)  or  multiple  IMP),  the  latter 
defined  as  a  papillary  lesion  containing  at  least 
5  papillomas  in  2  nonconsecutive  tissue  blocks.1  The 
presence  or  absence  of  AH  (ADH  and/or  A  LH)  was  also 
documented  in  the  papilloma  cases.  If  ADH  or  ALH  was 
identified  within  the  papilloma  or  in  the  surrounding 
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parenchyma,  then  the  case  was  classified  as  a  single 
papilloma  with  atypia  (SP  +  A)  or  multiple  papillomas 
with  alypia  (MP+A).  For  the  SP  +  A  cases,  the  location 
of  the  alypia  (inside  and/or  outside  the  papilloma)  was 
recorded. 

ADH  was  defined  according  to  the  criteria  of 
Page.23  25  These  lesions  exhibited  architecturally  complex 
cribriformlike  proliferations  of  monotonous  cells  that 
lacked  malignant  cytologic  features  and  were  confined  to 
an  area  measuring  <  3  mm  in  greatest  dimension.  Within 
papillomas,  these  atypical  lesions  only  partially  involved  a 
"basement  membrane  bound  space.”  with  a  second 
nonatypical  population  of  cells  composing  the  remain¬ 
der.24  ALH  was  defined  as  a  proliferation  of  polygonal, 
evenly  spaced  cells  with  round,  monotonous  nuclei,  and 
scant  cytoplasm.2’  ALH  was  characterized  by  partial 
expansion  of  acini  by  atypical  cells,  often  with  preserva¬ 
tion  of  luminal  spaces,  involving  less  than  half  of  the  acini 
in  a  lobule. 

Statistical  Analysis 

Data  were  descriptively  summarized  using  frequen¬ 
cies  and  percentages  for  categorical  variables,  and  means 
and  standard  deviations  for  continuous  variables.  We 
formally  compared  distributions  of  certain  attributes 
across  papilloma-defined  subgroups  using  /  tests  and 
analyses  of  variance  for  the  continuous  variables  and  y2 
tests  for  categoric  variables. 

The  length  of  the  follow-up  for  each  woman  in  the 
study  was  calculated  as  the  number  of  days  (followed  by 
division  by  365.25  to  calculate  years)  from  her  benign 
biopsy  to  the  date  of  breast  cancer  diagnosis,  date  of 
death,  or  dale  of  last  contact.  The  cumulative  incidence  of 
breast  cancer  by  papilloma  status  was  estimated  using 
Kaplan-Meier  curves.  We  compared  the  observed  number 
of  incident  breast  cancer  events  in  our  cohort,  stratified 
by  papilloma  status,  to  that  expected  in  the  general 
population  using  standardized  incidence  ratios  (SIRs). 
Each  individual's  person  years  were  apportioned  into 
5-year  age  and  calendar  period  categories.  Overall 
category-specific  follow-up  was  then  multiplied  by  the 
corresponding  age-stratified  and  calendar  period-strati¬ 
fied  surveillance  epidemiology  and  end  results  (SEER) 
incidence  rates,  and  these  results  were  then  summed 
across  all  categories  to  calculate  the  expected  number  of 
events.  Thus,  all  risk  ratios  account  for  the  potentially 
confounding  effects  of  age  and  calendar  period.  The  Iowa 
SEER  registry  was  used  as  the  primary  standard 
population,  due  to  both  the  proximity  of  its  participants 
to  the  Mayo  Clinic  catchment  area  and  racial /ethnic 
similarities  to  our  cohort. 

As  proliferative  disease  is  a  complex  mixture  of 
many  different  attributes  which  may  synergistically  affect 
the  risk  of  breast  cancer,  it  is  possible  that  other  forms 
of  proliferative  change  could  confound  the  association  of 
papillomas  and  breast  cancer.  Thus,  we  sought  to  assess 
the  independent  modifying  effects  of  different  forms  of 
proliferation  using  Poisson  regression  analyses,  modeling 
the  individual-specific,  log-transformed  expected  event 
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rate  as  the  offset  term.  This  approach  facilitates  the 
calculation  of  SIRs  with  the  adder!  flexibility  that 
generalized  linear  models  provide,  such  as  covariate 
adjustment  and  formal  assessment  of  heterogeneity.  The 
Iowa  SEER  registry  was  again  used  to  calculate  the 
expected  event  rales.  Analyses  were  subset  to  women  with 
proliferative  disease.  Based  on  the  Poisson  models,  we 
calculated  relative  SIRs  (rSIRs),  directly  comparing  ratios 
of  SIRs  across  levels  of  each  of  the  proliferation 
attributes.  The  accompanying  P  values  assess  the  hetero¬ 
geneity  of  breast  cancer  SIRs  across  levels  of  the 
attribute.  The  following  types  of  proliferation  were 
examined:  presence  of  atypia.  presence  of  papillomas, 
presence  of  sclerosing  adenosis,  and  presence  of  radial 
scars.  Two  sets  of  poisson  models  were  lit:  one  that 
accounted  only  for  the  effects  of  age  and  calendar  period, 
and  one  that  accounted  additionally  and  simultaneously 
lor  the  effects  of  the  other  proliferation  attributes. 

We  compared  the  potentially  differential  risk  of 
ipsilaleral  versus  contralateral  breast  cancer  within  the 
cohort  across  papilloma-defined  subgroups  using  a 
competing  risk  approach,  based  on  the  Poisson  distribu¬ 
tion.  Women  with  missing  biopsy  or  cancer  side 
information,  or  with  benign  breast  disease  (BBD)  or 
cancer  diagnosed  bilaterally,  were  excluded  from  these 
analyses.  For  each  subgroup,  we  compared  the  incidence 
rale  for  ipsilaleral  cancer  to  the  corresponding  rate 
for  contralateral  cancer.  When  calculating  incidence 
for  ipsilaleral  cancer,  individuals  with  contralateral 
cancer  were  censored  at  their  date  of  diagnosis,  and  vice 
versa.  This  approach  yields  identical  person  years  for 
each  event  type,  reducing  comparisons  of  incidence  to 
simple  comparisons  of  counts  via  y~  tests  of  significance. 
All  statistical  tests  weie  2-sided,  and  all  analyses  weie 
carried  out  using  the  SAS  software  system  (SAS  Institute, 
Inc,  Cary,  NC). 

RESULTS 

Pathologic  Findings 

The  Mayo  benign  breast  disease  cohort  has  been 
presented  in  detail  elsewhere.15  Our  current  cohort 
includes  9108  patient  biopsies,  classified  as  follow's:  6053 
(66.5%)  NP;  2308  (25.3%)  PDWA;  and  267  (2.9%)  AH. 
Papilloma  was  identified  in  480  (5.3%)  of  the  biopsies. 


distributed  within  the  PDWA  and  AH  categories.  The 
majoritv  of  papillomas  (372,  4.1%)  were  SP.  There  were 
54  SP+'A  (0.6%).  41  MP  (0.5%),  and  13(0.1%)  MP  +  A. 
The  mean  age  at  biopsy  was  youngest  for  the  NP  group 
(49.9,  SD  14.8),  intermediate  for  the  r.onatypical  pro¬ 
liferative  groups  [PDWA  53.6  (SD  12.1),  SP  55.2  (SD 
14.5)  and  MP  53.9  (SD  15.5)],  and  oldest  for  the  atypical 
groups  [AH  57.3  (SD  11.6),  SP  +  A  59.1  (SD  13.4),  and 
MP+A  65.1  (SD  14.0)]. 

Because  family  history  is  a  known  risk  factor  for  the 
development  of  carcinoma,  we  compared  the  frequency  of 
papilloma  status  with  family  history  to  determine  if  there 
were  any  differences  among  the  subsets  Family  history 
was  available  in  4846  (  53%)  of  the  9108  cases.  As  Table  1 
illustrates,  the  majority  of  cases  in  all  subsets  did  not  have 
a  family  history  of  breast  cancer.  The  remainder  of  the 
cases  varied  from  a  weak  to  strong  family  history.  y~  tests 
revealed  no  differences  in  distribution  of  papilloma(s) 
across  levels  of  family  history  ( P  =  0.49). 

Papillomas  were  accompanied  by  a  complex  mixture 
of  proliferative  changes.  Sclerosing  adenosis  and  usual 
ductal  hyperplasia  were  both  present  in  at  least  50%  of 
cases  from  each  papilloma  subgroup  (Table  2).  Radial 
scars  also  occurred  at  significantly  increased  frequency 
(16%  SP,  33%  SP+A,  34%  MP.  31%  MP  +  A)  com¬ 
pared  to  individuals  without  papillomas  (4%,  P  <  0.001). 
Among  papilloma  cases,  radial  scars  were  significantly 
more  common  in  SP+A,  MP,  and  M?  +  A  compared 
with  SP  ( P  <  0.001,  x2  test). 

With  respect  to  atypia  in  the  setting  of  papilloma, 
most  cases  (33/51,  65%)  contained  ADH  alone.  There 
were  6  (12%)  with  ALH  and  12  with  both  ADH  and 
ALH  (23%).  Examples  of  atypical  papilloma  are  illu- 
sliated  iu  Figuies  1  to  4.  Of  the  45  cases  with  ADH. 
atypia  was  present  within  the  papilloma  in  16  (36%), 
outside  of  the  papilloma  in  17  (38%),  and  present  both 
inside  and  outside  the  papilloma  in  12  (26%).  One  SP+  A 
ease  consisted  of  2  biopsies,  one  contained  a  solitary 
papilloma  (left  breast)  and  the  other  ADH  (right  breast). 
For  purposes  of  this  study,  this  case  was  classified  as 
atypia  outside  of  the  papilloma. 

Oulcome 

Among  the  overall  Mayo  cohort,  the  relative  risk  of 
developing  carcinoma  was:  NP  1.3  [95%  confidence 


TABLE  1.  Comparison  of  Family  History  of  Breast  Cancer  Across  the  Various  Papilloma 
Subtypes 

Dagnosis 

Famil)  History  of  Breast  C  ancer* 

None 

N  (%) 

Weak 

N  <%) 

Strong 

N  <•/») 

Total 

N  <%> 

No  papilloma 

2549  (52.60) 

1119(23.09) 

911  (18.80) 

4579  (94.49) 

SP 

105  (2.17) 

50(1.03) 

41  (0.85) 

196(4.04) 

SP  +  A 

16  (0.33) 

7(0.14) 

1 1  (0.23) 

34  (0.70) 

MP 

18  (0.37) 

6  (0.12) 

6(0.12) 

30  (0.62) 

MP+A 

4  (0.08) 

0(0.00) 

3  (0.06) 

7  (0.14) 

•Family  history  was  missing  in  4262  cases. 
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TABLE  2.  Frequency  of  Proliferative  Breast  Disease  Across  the  Papilloma  Subtypes 


Ductal  llvperplasia 

Sclerosinj*  Adenosis 

Radial  Scars 

Yea 

No 

Yes 

No 

Yes 

No 

N  (%) 

N  (%> 

_  N  <%)  _ 

N  <%> 

N  (%) 

N  <%) 

No  papilloma* 

1569(18) 

7055  (82) 

2(00  (23) 

6625  (77) 

339  (4) 

8280  (96) 

SPt 

241  (64) 

13!  (36) 

207  (56) 

164  (44) 

59  (16) 

312  (84) 

SP  +  A 

52  (96) 

2(4) 

38  (70) 

16  (30) 

18  (33) 

36  (67) 

MP 

38  (93) 

3(7) 

39  (95) 

2(5) 

14  (34) 

27  (66) 

MP  +  A 

13(100) 

0(0) 

8  (62) 

5(38) 

4(31) 

9  (69) 

Ductal  hyperplasia  includes  moderate  and  florid  ductal  epithelial  hyperplasia. 

•This  includes  NP.  pr<  lifer  at  ive  without  atypia,  and  AH  cases.  Four  observations  missing  values  for  ductal  hyperplasia,  9  for  radial  scars,  and  3  for  sclerosing  adenosis. 
fOne  observation  misting  value  for  sccrosing  adenosis  and  radial  scar. 


interval  (Cl),  1.2-1.4],  PDWA  1.9  (95%  Cl  1.7-2.2),  and 
AH  4.4  (95%  Cl  3.4-5.6).  Overall,  724  (8%)  or  the 
patients  in  the  cohort  have  developed  breast  carcinoma. 


FIGURE  1.  Low  magnification  scanning  micrograph  showing 
an  architecturally  complex  papillary  lesion  containing  fibro- 
vascular  stroma  with  focal  cribriform  growth.  At  higher 
magnification  areas  of  cribriform  like  architecture  can  be 
appreciated  at  the  periphery  of  the  lesion.  Lack  of  uniform 
involvement  and  bland  cytologic  features  preclude  a  diagnosis 
of  ductal  carcinoma  in  situ. 
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Table  3  summarizes  the  mean  age  al  biopsy,  mean 
interval  to  development  of  breast  cancer,  and  risk  of 
carcinoma  development  among  the  histopathologic 
groups  with  respect  to  papilloma  status.  Patients  lacking 
a  papilloma(s)  who  had  proliferative  disease  without 
atypia  had  a  relative  risk  of  1.90  (95%  Cl  1.66-2.16)  of 
developing  cancer  compared  to  the  control  population. 
Patients  with  a  solitary  papilloma  without  atypia  had  a 
risk  of  2.04  (95%  Cl  1.43-2.81),  roughly  equivalent  to 
other  forms  of  proliferative  disease  without  atypia. 
Patients  with  AH  and  no  papilloma(s)  hid  a  relative  risk 
or  4.17  (95%  Cl  3.10-5.50).  Individuals  with  a  SP  +  A  had 
a  risk  of  5.1 1  (95%  Cl  2.64-8.92),  slightly  greater  than 
those  with  AH  lacking  a  papillary  lesion.  The  breast 
cancer  risk  for  multiple  papillomas  without  atypia  fell 
between  proliferative  disease  without  atypia  and  AH 
(3.01,  95%  Cl  1.10-6.55).  Multiple  papilloma  cases  with 
atvpia  had  the  greatest  likelihood  of  developing  cancer, 
with  a  relative  risk  of  7.01  (95%  Cl  1.91-17.97).  A 
Kaplan-Meier  curve  depicting  cumulative  incidence  of 
breast  cancer  among  all  histopathologic  groups  is 


FIGURE  2.  Atypical  papilloma  (low  magnification).  Most  areas 
are  comprised  of  columnar  epithelium  on  fibrovascular  stalks. 
At  least  2  foci  (arrows)  show  a  monotonous  cellular  prolifera¬ 
tion  lacking  stroma  and  containing  small  secondary  lumens. 
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FIGURE  3.  At  scanning  magnification  this  papilloma  is 
characterized  by  marked  hypercellularity  and  variable  archi¬ 
tecture.  Higher  magnification  photomicrograph  highlighting 
confluent  growth  of  epithelium  with  partially  developed 
cribriform  architecture. 


presented  in  Figure  5.  The  mean  interval  to  cancer 
development  was  greater  than  5  years  in  all  histologic- 
groups  except  MP  4.8  (SD  3.2).  It  was  longest  in  patients 
with  NP  8.7  (SD  7.2).  There  was  no  difTerence  in  mean 
interval  to  cancer  between  AH  and  SP  +  A  [6.5  (SD  5.3) 
vs.  6.2  (SD  4.7),  P  -  0.87,  /  test]. 

As  papillomas  were  most  frequently  identified  in  the 
setting  of  other  proliferative  lesions,  we  attempted  to 
determine  the  degree  to  which  the  apparent  breast  cancer 
risk  seen  in  these  patients  was  directly  attributable  to  the 
papilloma(s),  versus  other  coexisting  forms  of  prolifera¬ 
tion  present  within  the  breast.  We  performed  a  univariate 
analysis  using  Poisson  regression  models  subset  to  only 
those  women  with  proliferative  changes  (ie,  NP  cases  were 
excluded).  After  accounting  for  age  and  calendar  period, 
women  with  some  form  of  proliferative  disease  (eg,  AH. 
radial  scar,  or  sclerosing  adenosis)  and  with  a  papilloma, 
had  a  relative  risk  of  breast  cancer  roughly  20%  higher 


FIGURE  4.  The  architecture  is  primarily  microglandular,  but 
focal  complex  growth  may  also  be  appreciated  (arrow). 
Higher  magnification  of  cribriform  area.  Lack  of  uniform 
involvement  and  low  grade  cytology  preclude  a  diagnosis  of  in 
situ  carcinoma. 


than  those  without  a  papilloma.  Thus,  within  the  group  of 
patients  with  proliferative  disease,  the  presence  of  a 
papilloma  marginally  increased  risk.  However,  this  result 
did  not  reach  statistical  significance  (P  ~  0.17).  As  the 
univariate  model  accounted  for  the  excessive  risk  due  to 
proliferative  disease,  but  it  did  not  adjust  for  the  effects  of 
other  individual  forms  of  proliferation,  we  performed  a 
multivariate  analysis  adjusting  for  AH,  ductal  hyperpla¬ 
sia.  sclerosing  adenosis,  and  radial  scars.  Results  were 
similar  to  the  univariate  model:  the  presence  of  papillo¬ 
mas  increased  risk  by  an  additional  16%  over  those 
patients  without  a  papilloma.  However,  this  result  again 
failed  to  reach  statistical  significance  (P  -  0.29).  We  also 
performed  the  multivariate  analysis  subset  to  proliferative 
cases  without  atypia.  After  adjusting  for  sclerosing 
adenosis,  radial  scars,  and  duct  hyperplasia,  the  presence 
of  papilloma  increased  risk  by  an  additional  10%  over 
those  patients  without  a  papilloma  (P  -  0.42). 
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TARI  F  1  Dr*morjraphir  Charartrrislirv  and  SIR'  nf  Rrrasl  Carrinnmn  Dnvrlnpmml  fnr  thr*  Mayo  Cohort  C nmparrrl  With  I hr 
Iowa  SEER  Registry 


Diagnosis 

Overall  N 

\l»e  at  Biopvv  (>) 
Mean  (SD) 

1  init*  to  l  aneer  (y) 
Mean  (SD) 

Observed  l  uncers 

L\ pee  led  C  ancets 

SIK  (95%  C  1) 

No  papilloma  present 

NP 

6053 

49.9  (1 4.X  1 

8.7(72) 

383 

298 

128  (1.16*1.42) 

Proliferative 

2308 

53.6(12.1) 

7.8  ((..4) 

232 

122 

1,90  0. (>6-2.)  6) 

AH 

267 

57.3lll.6l 

6.5  15.31 

51) 

12 

4.17  (3. Ill- 5.50) 

Papilloma  presen: 

SP 

372 

55.2(14.5) 

5.9  (5.0) 

37 

IK 

2JM(I  43-2.81) 

SP  •  A 

54 

59.1 1 13.4) 

6.2  (4.9) 

12 

■v 

5.11  (2.64-  X.92) 

MP 

41 

53.9(15.51 

4.8(32) 

6 

7 

3DI  « 1.10-6.55) 

MP+  A 

13 

65.1  M4.0) 

5.8  (3.8) 

4 

? 

74)1  0.91- 17,971 

rhc  "Overall  column  refers  lu  ihc  foul  nuniber  of  cuacs  n  each  group. 
Analyses  account  for  the  effects  of  ace  and  calendar  period. 


In  the  SP -  A  patients.  risk  for  breast  cancer  was 
not  associated  with  the  microscopic  location  of  ADH 
Cancers  developed  in  25%  (4,16)  of  patients  with  ADH 
within  papilloma  compared  with  29%  (S/17)  patients  with 
ADH  outside  of  the  papilloma  and  17%  (2  12)  with  ADH 
in  both  locations.  None  of  the  patients  with  ALH  alone 
(N  =  6)  has  yet  developed  breast  carcinoma 

Table  4  summarizes  side  of  cancer  development  in 
relation  to  the  side  of  the  original  excisional  viopsy.  With 
respect  to  the  overall  Mayo  cohort.  56%  of  the  patients  in 
the  NP.  PDWA,  and  AH  groups  developed  carcinoma  in 
the  ipsilateral  (same)  breast  as  the  biopsy  15  Sixty-live 
percent  of  the  carcinomas  in  the  papilloma  group 
developed  in  the  ipsilateral  breast.  The  likelihood  for 
development  of  ipsilateral  cancer  among  those  with 
papilloma  compared  with  nonpapilloma  groups,  was 
not  statistically  different  (P  -  0.33.  f~  test) 

DISCUSSION 

Our  slLdy  defines  the  incidence,  spectrum  of 
pathology,  and  breast  cancer  nsk  attributable  to  benign 


FIGURE  5.  Kaplan-Meier  curve  illustrating  cumulative  inci¬ 
dence  of  cancer  development  among  the  histologic  groups  in 
the  Mayo  cohcrt. 
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papillomas  that  were  identified  in  a  large  cohort  of 
consecutive,  non  selected  benign  biopsies.  It  is  the  first  to 
specifically  address  the  cancer  risk  associated  with 
papillomas,  either  with  or  without  utypiu,  using  epidc- 
miologicallv  valid  comparisons  between  carefully  defined 
pathologic  subsets  including  nonpapilloma  proliferative 
lesions.  The  data  demonstrate  that  presence  of  a  single 
papilloma  without  alypia  conveys  an  overall  breast 
cancer  risk  that  is  similar  to  or  marginally  greater  than 
other  commonly  recognized  proliferative  fibrocystic 
lesions  ft  is  unclear,  even  alter  multivariate  statistical 
analysis,  whether  this  small  difference  is  due  to  the  more 
frequent  presence  of  other  proliferative  lesions  in  those 
with  papillomas  Second,  the  presence  of  ADH  ALH  in 
association  with  a  single  papilloma  (“atypical  papillo¬ 
ma"!.  does  not  appreciably  modify  the  nsk  connotation 
attributable  to  alypia  overall.  Finally,  the  follow-up  data 
from  the  cohort  imply  that  patients  with  multiple 
papillomas  are  at  a  significantly  elevated  nsk  lor  breast 
cancer,  even  if  alypia  is  not  identified  in  their  biopsy. 

The  Mayo  benign  breast  disease  cohort  is  denved 
from  the  surgical  practice  at  one  institution  and  is  not 


TABLE  4.  Breast  Cancer  Sidedness  Among  the  Different 
Diagnostic  Groups  With  Respect  to  Excisional  Biopsy  Location 
Number  <»l  Contra Literal  Ipsilateral  \ 
Diagnosis  Cancer**  \  (%)  (%) 


All  Subjects 


NP 

354 

163  (46) 

191  I54i 

Proliferative 

234 

107  (46) 

I27(54| 

AH 

57 

22  (30) 

35(611 

No  papilloma  present 

NP 

354 

163  (461 

191 (54) 

Proliferative 

194 

93  (481 

101  (521 

AH 

43 

17(40) 

26160) 

Papilloma  prc.sent 

SP 

34 

10(291 

24  (71 ) 

SP  +  A 

II 

4  (36) 

7  (64) 

MP  MP  -  A 

9 

5  (56) 

4(441 

MP  and  MP  +  A  cases  were  summed  because  o|  the  small  number  of  events, 
‘individual*  with  missing  side  information,  bilateral  UUD.  ir  bilateral  earner 
have  been  removed  from  the  analysis. 
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enriched  with  extramural  pathology  consultation  materi¬ 
als.  Indications  for  breast  biopsy  were  not  different  than 
those  employed  by  comparable  institutions  during  the 
survey  period.  To  our  knowledge,  it  is  the  largest  benign 
breast  disease  cohort  that  has  been  subject  to  standard 
pathologic  review.”8-10-17'18"1"6  The  size  of  the  cohort 
and  long  follow-up  allow  for  robust  statistical  analysis. 
The  observed  proportion  of  cases  and  relative  risks  of 
carcinoma  development  associated  with  NP,  proliferative, 
and  atypical  lesions  is  similar  to  other  large  surveys  of 
benign  breast  disea  se.5-9'17-16,211"1 

Benign  papillomas  constitute  an  important  subset  of 
mammary  fibrocystic  change,  collectively  accounting  for 
about  5%  of  proliferative  cases  overall.  As  seen  in  this 
study,  moreover,  papillomas  are  frequently  accompanied 
by  a  complex  of  other  proliferative  lesions,  particularly 
adenosis  and  duct  hyperplasia.  Radial  scars  are  also  often 
present,  especially  in  the  SP  +  A,  MP  and  MP  + A  subsets 
(31%  to  34%).  Finally,  papillomas  often  comprise  a 
background  on  which  atypias  develop;  20%  of  all  atypias 
in  our  BBD  cohort  overall  were  present  in  cases  that  also 
had  papillomas.  Conversely,  about  14%  of  biopsies  with 
papilloma(s)  contained  ADH  and/or  ALH.  The  observed 
associations  with  adenosis  and  radial  scarring  are 
noteworthy  in  the  sense  that  both  are  characterized  by 
combined  proliferation  of  epithelial  and  nonepilhelial 
populations  (myoepithelial  cells  and  fibroblasts,  respec¬ 
tively).  These  findings  imply  that  breast  tissues  harboring 
papillomas  may  be  characterized  by  simultaneous  activa- 
tion/proliferation  of  divergent  cell  populations.  It  may  be 
hypothesized  that  the  background  of  multilineage  cell 
proliferation  reflects  an  especially  permissive  environment 
for  development  of  hyperplastic  lesions,  accounting  for 
the  markedly  cellular  character  of  this  BBD  subset,  and 
possibly  for  the  more  frequent  evolution  of  atypias. 

Although  papillomas  are  often  associated  with 
other  proliferative  or  atypical  lesions,  it  is  nonetheless 
true  that  most  benign  biopsies  with  papillomas  about 
78% — contained  single  papillomas  and  lacked  ADH/ 
ALH.  Within  this  subset  (ie.  single  papilloma  without 
atypia)  the  age  at  diagnosis  and  overall  breast  cancer  risk 
were  quite  similar  to  patients  with  proliferative  lesions 
overall  53.6  versus  55.2  years  and  1.90  (95%  Cl  1.66- 
2.16)  versus  2.04(95%  Cl  1.43-2.81),  respectively.  On  the 
basis  of  these  data  we  would  not  advise  the  risk 
classification  of  single,  nonatypical  papillomas  apart  from 
other  proliferative  fibrocystic  lesions. 

Some  may  hypothesize  that  atypical  proliferations 
developing  within  papillomas  represent  biologically  dis¬ 
tinct,  direct  precursor  lesions.  However,  the  simultaneous 
presence  of  papilloma  with  ADH  or  ALH  (SP  +  A)  was 
associated  with  a  breast  cancer  risk  (5.1 1,  95%  Cl  2.64- 
8.92)  that  was  similar  to,  or  marginally  elevated,  relative 
to  other  atypias  in  our  cohort  (4.17,  95%  Cl  3.10-5.50). 
Importantly,  in  the  papilloma  cases  we  failed  to  identify 
significant  tendency  to  ipsilateral  breast  cancer  develop¬ 
ment  or  short  interval  to  breast  cancer  diagnosis.  Thus, 
we  identify  no  convincing  evidence  to  suggest  that  these 
lesions  constitute  an  homogeneous  group  of  direct  cancer 
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precursors.  We  also  attempted  to  discern  whether  the 
location  of  atypia  relative  to  a  papilloma  had  special 
significance.  Although  the  number  of  cases  limits 
definitive  interpretation,  our  data  imply  that  geographic 
location  of  ADH  relative  to  a  papillary  lesion  would  not 
necessarily  be  a  clinically  useful  indicator  of  breast  cancer 
risk  apart  from  other  parameters.  However,  our  data 
would  not  support  the  practice  of  separately  denoting  an 
atypical  papilloma  as  a  distinct  subset  of  ADH. 

Page  et  al25  have  published  a  nested  case  control 
survey  that  compares  breast  cancer  risk  in  122  patients 
with  papillomas.  Their  incidence  of  atypia  occurring 
within  or  in  association  with  papilloma  (17/122,  14%) 
was  similar  to  our  series  (54/480,  11%)  as  was  the  time 
interval  between  biopsy  and  subsequent  breast  malig¬ 
nancy.  However,  the  absolute  risk  of  breast  cancer  al  ter 
atypical  papillomas  in  the  Page  et  al  study  was  53% 
(9/17).  In  contrast,  in  our  study  only  22%  of  such 
individuals  (12/54)  had  developed  breast  cancer  at  16 
years.  They  also  observed  a  significantly  elevated  relative 
breast  cancer  risk  (2.30  to  3.35  x)  attributable  to 
papilloma  that  was  modified  by  presence  of  concurrent 
atypia  (4.40  to  13.10  x).  Because  we  employed  similar 
diagnostic  criteria,  we  ascribe  the  differences  with  our 
study  to  their  relatively  limited  number  of  cases  and  the 
study  design  (ie,  case  control  vs.  cohort). 

Haagensen1-  and  Murad22  have  emphasized  the 
unique  clinical  behavior  of  MP.  noting  from  selected 
series  of  cases  that  these  patienLs  have  significantly 
elevated  breast  cancer  risk.  The  incidence  and  relative 
cancer  risk  of  MP.  however,  has  not  been  previously 
described.  Our  data  show  that  MP  cases  constitute  a  rare 
subset,  accounting  for  0.6%  of  BBD  patients.  However, 
depending  on  the  presence  of  atypical  lesions,  MP 
patients  have  a  breast  cancer  risk  that  is  3  to  7  times 
greater  than  age  matched  women  in  the  population 
overall.  Thus,  our  data  indicate  that  MP.  even  without 
concurrent  atypia.  convey  a  relative  risk  between  pro¬ 
liferative  disease  overall  and  AH  On  the  basis  of  these 
findings,  we  recommend  that  MP  should  receive  wider 
recognition  as  a  diagnostic  entity  and  that  these  patients 
should  be,  at  a  minimum,  followed  carefully. 
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Age-Related  Lobular  Involution  and  Risk  of  Breast  Cancer 

Tin  R.  Milanese,  Lynn  C.  Hartmann.  Thomas  A.  Sellers.  Marlene  H.  Frost 
Robert  A.  Vierkant,  Shaun  D.  Malone y,  V.  Shane  Pankiatz.  Amy  C.  Degnim , 

Celine  M.  Vachon,  Carol  A.  Reynolds.  Romayne  A.  Thompson, 

L.  Joseph  Melton  IH.  Ellen  L.  Goode.  Daniel  W  Visscher 


Background:  As  women  age,  the  lobules  in  their  breasts 
undergo  involution  or  regression.  We  investigated  whether 
lobular  involution  in  women  with  benign  breast  disease  was 
associated  with  subsequent  breast  cancer  risk.  Methods:  We 
examined  biopsy  specimens  of  8736  women  iu  the  Mayo 
Benigu  Breast  Disease  Cohort  from  whom  biopsy  samples 
were  takeu  betw  een  January  1. 1967.  and  December  31. 1991. 
Median  follow-up  for  breast  cancer  outcomes  was  17  years. 
We  classified  lobular  involution  in  the  background  breast 
tissue  as  none  (0%  involuted  lobules),  partial  (l%-74%),  or 
complete  (^75%).  Subsequent  breast  cancer  events  and  data 
on  other  risk  factors  were  obtained  from  medical  records 
and  follow-up  questionnaires.  To  estimate  relative  tasks 
(RRs),  standardized  incidence  ratios  were  calculated  by  use 
of  incidence  rates  from  the  Iowa  Surveillance,  Epidemiology, 
and  End  Results  (SEER)  Registry.  .All  statistical  tests  were 
two-sided.  Results:  Distribution  of  extent  of  involution  was 
noue  among  1627  (18.6%)  women,  partial  among  5197 
(59.5°©),  and  complete  among  1912  (21.9°o).  Increased  invo¬ 
lution  was  positively  associated  with  increased  age  and 
inversely  associated  with  parity  (both  J^.OOl).  The  relative 
risk  for  the  entire  cohort  of  8736  w  omen,  compared  with  the 
Iowa  SEER  population,  was  1.40  (95%  Cl  =  1.30  to  1.51). 
Risk  of  breast  cancer  was  associated  with  the  extent  of  invo¬ 
lution  (for  no  involution.  RR  [LeM  observed  versus  expected]  = 
1.88.  95%  confidence  interval  [Cl]  =  1.59  to  2.21;  for  par¬ 
tial  involution.  RR  =  1.47,  95%  Cl  =  1.33  to  1.61;  and  for 
complete  involution.  RR  =  0.91,  95%  Cl  =  0.75  to  1.10;  test 
for  heterogeneity  Pc.OOl).  Lobular  involution  modified  lisk 
iu  all  subsets  (e.g..  among  women  with  atypia.  for  no  involu¬ 
tion.  RR  =  7.79.  95%  Cl  =  3.56  to  14.81:  for  partial  involu¬ 
tion,  RR  =  4.06,  95%  Cl  =  2.03  to  5.33;  aud  for  complete 
involution,  RR  =  1.49,  95%  Cl  =  0.41  to  3.82;  P  =  .003). 
Conclusions:  Iu  this  large  cohort  of  women  with  benigu 
breast  disease,  lobular  involution  was  associated  with  reduced 
risk  of  breast  cancer.  Aberrant  involution  may  be  a  biologi¬ 
cally  important  phenomeuou  in  breast  cancer  biologs.  [J  Natl 
Cancer  Inst  2006;98:1600-7] 


The  mammary  gland  undergoes  profound  physiologic 
changes  throughout  the  phases  of  a  woman’s  life,  including  pu¬ 
berty.  pregnancy,  lactation,  postlactational  involution,  and  ag¬ 
ing  ti,  2)  The  epithelial  tissue  of  the  human  breast  is  organized 
into  15-20  major  lobes,  each  made  up  of  lobules  that  contain 
the  milk- forming  acini.  As  a  woman  ages,  breast  lobules  re¬ 
gress.  or  involute,  with  a  reduction  in  the  number  and  size  of 
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acini  per  lobule  and  replacement  of  the  delicate  intralobular 
stroma  with  the  more  dense  collagen  of  breast  connective  tis¬ 
sue  (Tig  1)  (1,3-5).  Over  tune  there  is  progressive  fatty  re¬ 
placement  of  glandular  elements  and  collagen  (1,5).  This 
process  differs  greatly  from  postlactational  involution.  After 
lactation,  there  is  regression  of  all  breast  tissues  as  secretory' 
activity  is  curtailed,  but  there  is  no  substantive  loss  of  glandu¬ 
lar  tissue  (1,2). 

Although  involution  of  the  breast  involves  a  consistent  se¬ 
quence  of  histologic  changes,  the  rate  and  extent  of  involution 
vary  considerably  among  individual  women  (3,4).  Tins  age-related 
lobular  involution  has  been  documented  in  women  younger  than 
age  40  years  and  thus  mvolves  factors  not  limited  to  the  onset  of 
menopause  (1,3-5).  Cowan  et  al.  (4)  studied  age-related  involu¬ 
tion  in  breast  tissue  obtained  at  autopsy  and  speculated  that  ob¬ 
stetrical  and  lactauonal  history'  n:ayr  be  more  unportanr  than  age 
at  influencing  the  onset  of  involution,  but  rhey  did  not  provide 
specific  obstetrical  data  to  support  their  claim.  Geschickter  (5) 
studied  more  than  100  breast  specimens  obtained  at  autopsy  or 
surgery  and  noted  the  degree  of  involution  by  age  and  obstetrical 
history.  He  observed  early'  changes  consistent  with  lobular  invo¬ 
lution  m  33%  of  women  younger  than  age  40  years.  He  also 
foimd  that  repeated  pregnancies  were  associated  with  the  persis¬ 
tence  of  lobules,  w  hereas  lobule  size  and  number  declined  m  the 
absence  of  childbearing 

It  has  been  hypothesized  that  age-related  lobular  involu¬ 
tion.  with  its  loss  of  glandular  elements,  may  be  associated 
with  a  decreased  risk  of  breast  cancer  (6,7).  To  test  this  hy¬ 
pothesis.  we  characterized  the  extent  of  lobular  involution  by 
age  group  in  a  large  cohort  of  women  with  benign  breast  dis¬ 
ease  and  examined  the  association  between  involution  and 
breast  cancer  risk. 
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Fig.  1.  Histologic  features  of  age-related  involution.  A)  Preinvolutional  breast 
tissue  with  multiple  mtact  terminal  duct  lobular  units,  each  composed  of  multiple 
acini  and  specialized  stioma  (Inset).  B)  Complete  lobular  involution  with  mostly 
residual  ducts  with  residual  terminal  duct  lobular  units,  largely  depleted  of  acini 
(Inset)  Scale  bars  =  1.0  nun 

Participants  and  Methods 

Study  Population 

Inclusion  and  exclusion  criteria  for  the  study  cohort  have 
been  previously  described  (8).  Briefly,  the  study  population 
consisted  of  women  aged  18-85  years  who  had  benign  breast 
disease  (i.e..  a  breast  biopsy  examination  with  bemgn  find¬ 
ings)  diagnosed  via  surgical  excision  at  Mayo  Clinic  between 
January  1.  1967.  and  December  31.  1991.  The  Mayo  Bemgn 
Breast  Disease  Cohort  mcluded  9087  women  w  ith  15  years  of 
follow-up  at  initial  report  (8).  Since  that  report,  we  obtamed 
cancer  follow-up  data  for  an  additional  289  women,  for  whom 
that  information  was  lacking  previously,  brmgmg  the  cohort 
to  a  total  of  9376  women  with  a  median  of  17  years  of  follow¬ 
up  For  640  breast  biopsy  samples,  the  biopsy  specimen  con¬ 
sisted  entirely  of  the  mdex  lesion:  there  was  no  background 
breast  tissue  in  which  to  determine  the  degree  of  lobular  invo¬ 
lution.  Thus,  the  final  cohort  for  this  analysis  mcluded  8736 
women. 

All  protocol  procedures  and  patient  contact  materials  were  re¬ 
viewed  and  approved  by  the  Institutional  Review  Board  of  the 
Mayo  Clinic  Return  of  the  patient  contact  materials  was  considered 
implied  consent. 


Histology 

All  slides  were  reviewed  by  a  breast  pathologist  (DWV)  without 
knowledge  of  patient  age,  cancer  outcome,  or  original  histologic 
diagnosis.  Biopsy  findings  were  classified  by  the  most  extreme 
degree  of  hyperplasia  as  nonproliferative,  proliferative  disease 
without  atypia,  or  atypical  hyperplasia,  as  previously  reported  f  8). 

Each  biopsy  specimen  was  also  categorized  according  to  the 
extent  of  lobular  mvolution  m  the  background  breast  tissue  Invo¬ 
luted  termmal  duct  lobular  units  (TDLUs)  contain  only  a  few  to 
several  small  acini  that  may  be  distended  by  cystic  change  (Fig. 
1).  Involuted  lobules  also  have  flattened  mconspicuous  acinar 
epithelium  with  fibrosis  of  specialized  intralobular  stroma.  The 
degree  of  mvolution  for  each  specimen  was  categorized  as  none 
(0°'o  TDLUs  involuted),  partial  (l%-74%  TDLUs  involuted),  or 
complete  Qf75°  o  TDLUs  involuted)  These  cut  points  were  set  by 
the  pathologists  at  the  initiation  of  the  study  to  best  distinguish 
the  extremes  of  no  mvolution  from  near-complete  mvolution. 

In  general  viewing  five  to  six  lobules  was  sufficient  to  assess 
the  extent  of  involution.  One  slide  from  a  breast  specimen  typically 
contained  a  dozen  or  more  lobules.  There  are  two  exceptions  to 
this  statement:  1)  when  mvolution  was  extensive  and  there  are  only’ 
a  few  lobular  remnants  on  the  slide  (which  is  sufficient  to  state  that 
complete  lobular  mvolution  has  occurred)  and  2)  when  the  entire 
sample  consists  of  an  epithelial  hyperplastic  lesion,  as  wras  the  case 
for  640  (6.8°  o)  of  the  9376  w  omen  in  our  original  cohort. 

Risk  Factor  Information  and  Follow-up 

To  obtam  information  about  family  history,  reproductive  his¬ 
tory’.  and  use  of  hormone  replacement  therapy,  a  study-specific 
questionnaire  was  sent  to  patients:  5352  (61°  o)  of  the  8736  women 
or  their  next  of  km  returned  the  questionnaire  Follow-up  for  breast 
cancer  events  was  obtamed  dirough  comprehensive  (inpatient  and 
outpatient)  Mayro  medical  records  and  the  questionnau  e 

Family  history’  ofbreast  cancer  wras  categorized  as  strong,  weak 
or  negative.  A  strong  family  history’  was  defined  as  the  patient  hav¬ 
ing  1 )  at  least  one  first-degree  relative  with  breast  cancer  diagnosed 
before  age  50  years  or  2)  two  relatives  with  breast  cancer  at  any 
age.  with  at  least  one  bemg  a  first-degree  relative.  Patients  with 
family’  history’  ofbreast  cancer  who  did  not  meet  the  above  criteria 
were  categorized  as  having  a  weak  family  history  /S). 

Statistical  Analysis 

Data  w  ere  summarized  descriptively  by  use  of  frequencies  and 
percentages.  We  initially’  compared  the  unadjusted  distribution  of 
breast  cancer  risk  factors  across  levels  of  involution  with  chi- 
square  tests  of  statistical  significance.  Subsequent  comparisons 
were  made  after  accounting  for  the  effects  of  age  by  use  of  multi- 
categoncal.  nominal  logistic  regression  analysis  (9).  We  summa¬ 
rized  results  from  these  analyses  by  use  of  adjusted  percents, 
earned  out  by  calculating  log  odds  estimates  for  each  10-vear  age 
category  (<40. 40-49,  55-59,  60-69.  70-79,  or  >80  years),  back- 
transforaung  to  percent  estimates,  and  then  averagmg  the  corre¬ 
sponding  percents  across  all  sets  of  age.  This  approach  wras 
similar  to  a  least-squares  means  estimate  in  an  analysis  of  vari¬ 
ance  setting  Among  245  women  w  ith  synchronous  bilateral 
biopsy  examinations.  wre  assessed  the  level  of  agreement  across 
the  tw’o  readings  by  use  of  weighted  kappa  statistics  and  their  cor- 
respoudmg  95°  o  confidence  intervals  (CIs) 
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The  length  of  follow-up  for  each  woman  in  the  study  was  cal¬ 
culated  as  the  number  of  days  from  her  biopsy  examination  to  the 
date  of  her  breast  cancer  diagnosis,  death,  or  last  contact.  We  es¬ 
timated  relative  nsks  (RRs)  on  the  basis  of  standardized  inci¬ 
dence  ratios  by  dividing  the  observed  numbers  of  incident  breast 
cancers  by  expected  numbers  of  population-based  incident  breast 
cancers.  Expected  values  were  calculated  by  apportioning  each 
woman  's  perscn-years  of  follow-up  into  5-year  age  and  calendar- 
period  categories  and  multiplying  these  by  the  corresponding 
breast  cancer  incidence  rates  from  the  Iowa  Surveillance.  Epide¬ 
miology;  and  End  Results  (SEER)  Registry.  This  reference  popu¬ 
lation  was  chosen  because  of  its  demographic  similarities  to  the 
Mayo  Clinic  population  (80%  of  cohort  members  reside  m  the 
upper  Midwest).  Potential  heterogeneity  m  relative  nsks  across 
levels  of  involution  was  assessed  by  use  of  Poisson  regression 
analysis,  with  the  log-transformed  expected  event  rate  for  each 
individual  modeled  as  the  offset  term. 

In  addition  to  assessing  overall  breast  cancer  risk,  we  also 
compared  rates  of  ipsilateral  to  contralateral  breast  cancer  in 
relation  to  the  side  of  the  benign  lesion,  both  overall  and  by  levels 
of  involution.  When  calculating  incidence  for  ipsilateral  cancer, 
individuals  with  contralateral  cancer  were  censored  at  their  date 
of  diagnosis,  and  vice  versa.  Women  with  missing  laterality  in¬ 
formation.  bilateral  biopsy  examination  results.  01  bilateral  breast 
cancer  were  censored  for  both  events  in  these  analyses.  This  ap¬ 
proach  yielded  identical  numbers  of  person-years  for  each  type 
of  event.  As  a  result,  the  length  of  follow-up  was  not  a  factor 
in  the  analysis,  and  the  rate  comparisons  reduced  to  simple  com- 
paiisons  of  the  uumbei  of  events.  Thus,  we  weic  able  to  assess 
whether  the  relative  rate  of  ipsilateral  cancer  (compared  with 
contralateral  cancer)  differed  across  levels  of  involution  using 
simple  chi-square  tests  of  statistical  significance.  All  statistical 
tests  were  two-sided,  and  all  analyses  were  carried  out  with  the 
SAS  software  system  (SAS  Institute,  Inc,  Cary.  NC). 

Results 

Extent  of  Lobular  Involution 

We  characterized  the  extent  of  lobular  involution  m  the  benign 
breast  biopsies  of  a  cohort  of  8736  women  with  tissue  sampled 
between  January  1,  1967,  and  Deceinbci  31.  1991.  at  the  Mayo 
Clinic.  The  distribution  of  the  patients  by  level  of  lobular  involu¬ 
tion  was  as  follows:  no  involution  among  1627  (18.6%)  women, 
partial  involution  among  5197  (59.5%)  women,  and  complete  in¬ 
volution  among  1912  (21.9%)  women. 

Factors  Associated  With  Involution 

As  shown  m  Table  1,  the  degree  of  lobular  involution  increased 
progressively  with  age  at  diagnosis  ofbemgn  breast  disease  (P<.001). 
Complete  involution  of  lobular  units  was  observed  in  onlyr  19  (3 .4%) 
of  the  566  w  omen  w  ho  were  younger  than  30  years  at  their  benign 
biopsy:  m  53  (5.1%)  of  the  1037  women  aged  30-39  years;  m  142 
(5.8%)  of  the  2446  women  aged  40  49  years;  in  455  (21.6%)  of  the 
2109  women  aged  50-59  years:  m  724  (45.3%)  of  the  1600  women 
aged  60-69  years;  and  m  519  (53.1%)  of  the  978  women  aged  70 
years  or  older.  The  gradual  nature  of  the  involution  process  is  appar¬ 
ent  in  that  it  is  already  present  at  least  to  a  partial  degree  in  more 
than  half  of  the  women  younger  than  40  years  and  is  still  ongoing  in 
women  older  than  70  years. 
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Table  1.  Association  of  lobular  involution  with  age  at  diagnosis  of  benign 
breast  disease,  family  history  of  breast  cancer,  parity,  lactation,  and  hoimone 
replacement  therapy* 


Extent  of  lobular  involution.  No.  (%) 

Characteristic 

None 

Paitial 

Complete 

P  valuet 

Overall 

Age  at  BBD.  y 

1627  (18.6) 

5197  (59.5) 

1912(21.9) 

<001 

18-29 

308  (54.4) 

239  (42.2) 

19(3.4) 

30-39 

41 7  (40  7) 

567  (54  7) 

*0  0 

40-49 

643  (26.3) 

1661  (67.9) 

142  (5.8) 

50-59 

218(10.3) 

1436  (68.1) 

455(21.6) 

60-69 

29(1.8) 

847  (52.9) 

724  (45.3) 

>70 

Family  history  of 

12(12) 

447  (45.7) 

519(53.1) 

<.001 

breast  cancer! 

None  or  weak 

796(21.1) 

2717  (56.4) 

911(22.4) 

Strong 

Panty§ 

223  (24.5) 

566  (55.9) 

139  (19.5) 

<.001 

Nulliparous 

113(17.6) 

421  (55.3) 

177(27.1) 

Parous 

No.  of  children^ 

893  (22.6) 

2780  (56.2) 

836(21.2) 

<.001 

0 

113(17.6) 

421  (55.3) 

177  (27.1) 

1 

75  (17.2) 

269  (54.7) 

131  (28.0) 

2 

324  (22.2) 

891  (56.2) 

258(21.5) 

3 

257(23.9) 

742  (55.8) 

205  (20.4) 

>4 

Children  breastfed  | 

235  (26.6) 

871  (55.3) 

242  (18.0) 

.428 

No 

464(21.6) 

1555  (57.4) 

436(21.1) 

Yes 

Hormone  replacement 

431  (23.3) 

1202  (55.9) 

364  (20.8) 

.016 

therapy*- 

Ever 

481  (22.5) 

1330  (57.1) 

494  (20.3) 

Never 

516(21.8) 

1837  (55.4) 

458  (22.9) 

*For  age  at  diagnosis  ofbemgn  breast  disease  (BBD).  percentage  values  were 
unadjusted.  For  all  ether  variables,  percentage  values  were  adjusted  for  age. 

+For  age  at  BBD.  P  values  were  calculated  using  chi-square  tests  of  statistical 
significance.  For  all  other  variables.  P  values  were  calculated  by  use  of  lnul- 
ticategorical  logistic  regression  analyses,  accounting  for  the  effects  of  age.  All 
statistical  tests  were  two-sided. 

Ilnformation  on  family  history  was  available  for  5352  of  8376  women. 

§  Information  on  parity  was  available  for  5220  of  8736  women.  Specific 
number  of  children  was  available  for  4500  of  the  4509  parous  women. 

^Information  on  breastfeeding  was  available  for  4452  of  8736  women 

•Information  on  hormone  replacement  ther  apy  was  available  for  5116  of  8736 
women 


We  also  found  a  strong,  inverse  association  (T^-'.OOl)  between 
lobular  involution  and  parity  (Table  1).  Specifically,  the  likeli¬ 
hood  of  complete  involution  was  27.1%  (95%  Cl  =  24.1%  to 
30. 1%)  in nulhparous  women.  28.0%  (95%  Cl  =  24.7%  to  3 1.4%) 
in  women  who  had  one  child,  21 .5%  (95%  Cl  =  19.3%  to  23.8%) 
m  women  who  had  two  children,  20.4%  (95%  Cl  =  17.8%  to 
23.0%)  in  women  who  had  three  children,  and  18.0%  (95%  Cl  = 
16.1%  to  20.0%)  in  women  who  had  four  children  or  more. 

Separating  women  mto  categories  of  ever  versus  never  breast¬ 
feeding  did  not  reveal  any  relationship  with  extent  of  lobular  in¬ 
volution  {P  =  .428).  Women  who  reported  having  used  hormone 
replacement  therapy  were  slightly  less  likely  to  have  complete 
involution  (20.3%)  than  those  with  no  history  of  hormone  re¬ 
placement  therapy  use  (22.9%)  {P  =  .016).  Breast  tissue  from 
women  with  a  strong  family  history  of  breast  cancer  was  less 
likely  than  that  from  women  with  no  or  a  weak  family  history  of 
breast  cancer  to  demonstrate  lobular  involution;  i.e..  after  adjust¬ 
ment  for  age.  more  women  with  a  strong  family  history  had  no 
involution  (24.5%)  than  those  with  no  or  a  weak  family  history 
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Table  2.  Association  of  involution  and  other  risk  factors  with  breast  cancer  after  the  diagnosis  of  benign  breast  disease 


Characteristic 

No.  of  women 

No.  of  person-years 

No.  of  observed  events 

No.  of  expected  events* 

Relative  nsk  (95%  CI)+ 

Deeree  of  involution 

None  (0°o) 

1627 

32  271 

150 

79.6 

1.88  (1.59  to  2.21) 

Partial  (l%-74%) 

5197 

90  409 

440 

300.1 

1.47  (1.33  to  1.61) 

Complete  (>75*o) 

1912 

28  376 

106 

116.5 

0.91  (0.75  to  1.10) 

Histologic  type 

Nonproliferative 

5736 

101  201 

355 

321.5 

1.10  (0.99  to  1.23) 

Proliferative  without  atvpia 

2677 

45  418 

276 

158.1 

1.75  (1.55  to  1.96) 

Proliferative  with  atvpia 

323 

4436 

65 

16.6 

3.91  (3.02  to  4.98) 

Age  at  biopsy,  y 

<45 

2682 

52  055 

158 

108.4 

1.46  (1.24  to  1.70) 

45-55 

2559 

49  246 

254 

169.0 

1.50(1.32  to  1.70) 

>55 

3495 

49  754 

284 

218.8 

1.30  (1.15  to  1.46) 

Fanulv  historv  of  Sreast  cancerl 

None  or  weak 

4424 

81  514 

329 

269.4 

1.22  (1.09  to  1.36) 

Strong 

928 

18  385 

115 

59.5 

1.93  (1.59  to  2.32) 

Age  at  birth  of  first  live  child.  y§ 

Nulliparous 

711 

13  021 

71 

41.1 

1.73  (1.35  to  2.18) 

<30 

4121 

77  710 

327 

257.9 

1.27  (1.13  to  1.41) 

>30 

388 

7091 

30 

22.4 

1.34  (0.90  to  1.92) 

♦Number  of  events  expected  on  the  basis  of  Iowa  Surveillance.  Epidemiology,  and  End  Results  breast  cancel  incidence  data. 
tAll  analyses  account  for  the  effects  of  age  and  calendar  period.  Cl  =  confidence  interval, 
ilnfonnation  on  family  history  of  breast  cancer  was  available  for  5352  of  8736  women. 

^Information  on  parity  was  available  for  5220  of  8736  women. 


(21.1%).  and  fewer  women  with  a  strong  family  history'  had 
complete  involution  (19.5%)  than  those  with  no  or  a  weak  family 
history'  (22.4%)  (logistic  regression  analysis  comparing  distribu¬ 
tion  of  involution  across  levels  of  family  history,  P<001). 

We  also  examined  the  extent  of  lobular  involution  by  cate¬ 
gory7  of  benign  breast  disease.  Among  women  with  nonprolifera¬ 
tive  disease,  27.2%  had  complete  involution.  However,  among 
women  with  proliferative  disease  without  or  with  atypia.  only 
11.5%  had  complete  lobular  involution  (P<001). 

Lobular  Involution  and  Breast  Cancer  Risk 

This  cohort  of  women  with  benign  breast  disease  was.  overall, 
at  mcreased  nsk  of  breast  cancer  when  compared  with  age- 
matched  women  in  the  general  population.  Specifically,  the  rela¬ 
tive  risk  for  the  entire  cohort  of  8736  women,  compared  with  the 
Iowa  SEER  population,  was  1 .40  (95%  Cl  =  1 .30  to  1 .5 1).  In  our 
cohort,  degree  of  involution  was  associated  inversely  writh  breast 
cancer  nsk  (Table  2;  e.g.,  for  no  involution,  RR  =  1.88. 95%  Cl  = 
1.59  to  2.21:  for  partial  involution,  RR=  1.47,  95%  Cl  =  1.33  to 
1.61;  and  for  complete  involution.  RR  =  0.91.  95%  Cl  =  0.75  to 
1.10;  test  for  heterogeneity  P<001). 

Figure  2  illustrates  the  observed  associations  between  the 
extent  of  involution  and  breast  cancer  risk  among  strata  of  age, 
histology7,  family  history7,  and  parity.  Extent  of  lobular  involution 
modified  age-ielated  breast  cancer  nsk  (e  g.,  for  a  woman  older 
than  55  years  with  no  involution.  RR  =  3.21.  95%  Cl  =  1.90  to 
5.08.  and  for  a  smnlar  woman  with  complete  lobular  mvolution, 
RR  =  0.92,  95%  Cl  =  0.74  to  1.14).  The  same  pattern  wras  ob¬ 
served  in  all  age  groups. 

Similarly,  progressive  increases  m  lobular  mvolution  in  back¬ 
ground  breast  tissue  wras  associated  w  ith  reduced  risk  of  breast 
cancer  among  women  with  benign  proliferative  disease,  even 
those  with  atypia  (Fig.  2).  Among  w  omen  with  atypia.  no  mvolu¬ 
tion  wras  more  strongly  associated  with  a  higher  nsk  of  breast  can¬ 
cer  (RR  =  7.79,  95%  Cl  =  3.56  to  14.81)  than  complete  mvolution 
(RR  =  1.49.  95%  Cl  =  0.41  to  3.82)  or  partial  mvolution  (RR  = 


4.06,  95%  Cl  =  3.03  to  5.33)  (test  for  heterogeneity;  P  =  .003). 
Among  women  with  proliferative  disease  without  atypia.  no  mvo¬ 
lution  was  also  associated  with  a  higher  risk  of  breast  cancer  (RR  = 
2.94, 95%  Cl  =  2.26  to  3.75)  than  complete  involution  (RR=  1.11, 
95%  Cl  =  0.68  to  1 .71).  The  same  pattern  held  tme  for  those  with 
nonproliferative  breast  disease:  i.e.,  those  with  no  mvolution  had  a 
higher  nsk  than  those  with  complete  or  partial  mvolution. 

Lobular  mvolution  modified  the  influence  of  family  history'  on 
nsk  of  breast  cancer  (Fig.  2).  Among  w7omen  w  ith  a  strong  family 
history7  of  breast  cancer,  no  mvolution  was  associated  with  the 
highest  risk  of  breast  cancer  (RR  =  2.77,  95%  Cl  =  1.94  to  3.84), 
followed  by  partial  involution  (RR  =  1.72,  95%  Cl  =  1.32  to  2.20) 
and  dien  by  complete  involution  (RR  =  1.61.  95%  Cl  =  0.92  to 
2.61).  Among  w'omen  with  no  or  a  wreak  family  history7  of  breast 
cancer  and  complete  involution  the  nsk  of  breast  cancer  (RR  = 
0.59.  95%  Cl  =  0.41  to  0.81)  was  approximately  half  of  that  for  the 
general  population,  which  wras  based  on  Iowa  SEER  data,  and  ap¬ 
proximately  fivefold  less  than  the  risk  of  those  with  strong  family 
history'  and  no  involution  (i.e.,  RR  =  2.77,  95%  Cl  =  1.94  to  3.84). 

Lobular  mvolution  also  modified  the  nsk  associated  with  par¬ 
ity'  or  age  at  birth  of  the  first  live  child.  Among  nulhparous  w'omen 
and  women  whose  first  live  child  wras  bom  wrhen  she  was  at  least 
30  years  old.  no  lobular  involution  was  associated  with  mcreased 
risks  of  breast  cancer  (RR=  2.41. 95%  Cl  =  1.25  to  4.21.  and  RR  = 
2.74,  95%  Cl  =  1.31  to  5.03.  respectively).  However,  among 
these  same  two  groups  of  women,  when  complete  lobular  involu¬ 
tion  had  occuned,  there  wras  no  increase  in  risk  (RR=  1.02,  95% 
Cl  =  0.53  to  1 .78.  and  RR  =  0.48.  95%  Cl  =  0.10  to  l  .40.  respec¬ 
tively).  Among  women  wrhose  first  live  child  wras  bem  when  she 
was  younger  than  30  years  old.  complete  lobular  involution  wras 
associated  with  a  decreased  risk  of  breast  cancer  'RR  =  0.65, 
95%  Cl  =  0.44  tc  0.91). 

We  also  asked  whether  the  era  m  which  the  biopsy  examina¬ 
tion  wras  performed — namely,  before  or  after  widespread  adop¬ 
tion  of  mammography — affected  the  results.  In  the  first  1 5  years 
of  the  cohort  (from  1967  through  1981),  78%  of  biopsy  examina¬ 
tions  wrere  done  because  of  a  palpable  concern  (i.e.,  a  palpable 
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A  Involution  and  Histology 


NP  PDWA  AH 


C  Involution  and  Age  at  Biopsy 


Age  <  45  Age  45-55  Age  >  55 

Fig.  2.  Association  of  breast  cancer  nsk  with  lobular  involution  and  other 
variables.  Relative  risks  (as  indicated)  and  their  95°o  confidence  intervals 
(error  bars)  reflect  the  observed  number  of  events  compared  with  the  number 
of  expected  events  on  the  basis  of  Iowa  Surveillance.  Epidemiology,  and  End 
Results  data.  All  results  account  for  the  effects  of  age  and  calendar  period. 

lump  detected  during  a  clinical  breast  exammation  or  by  the 
patient),  and  22%  were  done  because  of  an  abnormal  mammo¬ 
gram.  From  1982  through  1991.  40%  of  the  biopsy  examinations 
were  done  because  of  a  palpable  concern,  and  60%  were  done 
because  of  an  abnormal  mammogram.  The  relative  risks  of  breast 
cancer  by  involution  status  and  by  dates  (Table  3)  indicated  that 
associations  between  extent  of  involution  and  risk  were  similar  in 
the  pre-  and  postmammography  tune  periods. 

Lobular  Involution:  Localized  or  Field  Effect 

To  address  whether  or  not  the  degree  of  involution  was  relevant 
only  to  the  area  of  the  biopsy  or  was  representative  of  the  field  of 
breast  tissue,  we  examined  1)  whether,  for  women  with  bilateral 
benign  biopsy  examination  results,  involution  results  were  con¬ 
cordant  and  2)  whether  the  degree  of  involution  at  the  benign 
biopsy  site  was  associated  with  the  nsk  of  ipsilateral  breast  cancer 
or  with  both  ipsi-  and  contralateral  breast  cancers.  A  subset  of  245 
women  had  bilateral  biopsy  examinations  performed  at  the  same 
time.  In  203  (83%)  of  these  women,  the  same  category'  of  involu¬ 
tion  (no.  partial,  or  complete)  was  found  in  the  biopsy  tissue  from 
both  breasts.  In  41  (17%),  there  was  a  difference  of  one  category 
between  the  two  breasts.  Only  one  individual  had  complete  invo¬ 
lution  m  the  biopsy  tissue  of  one  breast  and  no  involution  in  the 


B  Involution  and  Family  History 


No  or  weak  family  history  Strong  family  history 


D  Involution  and  Age  at  First  Birth 


Nulliparous  First  Birth  <  30  First  Birth  30+ 

A)  Involution  and  histology.  B)  Involution  and  family  history'.  C)  Involution 
and  age  at  biopsy  examination  D)  Involution  and  age  at  birth  of  first  live 
child.  N  =  no  involution:  P  =  paitial  involution;  C  =  complete  involution; 
NP  =  nonproliferative;  PDWA  =  proliferative  disease  without  atypia;  AH  = 
atypical  hyperplasia. 

contralateral  sample.  These  results  indicate  a  high  level  of  agree¬ 
ment  m  involution  measured  across  multiple  biopsy  specimens 
within  a  woman  (kappa  coefficient  =  0.72,  95%  Cl  =  0.64  to  0.80; 
test  for  agreement  beyond  that  expected  by  chance  P<  001). 

We  next  investigated  the  extent  of  involution  and  the  laterality 
of  subsequent  breast  cancers.  In  our  cohort  overall,  there  is  a 
slight  predominance  of  ipsilateral  breast  cancers  (55.5%)  over 
contralateral  breast  cancers  (44.5%),  as  reported  previously  ( 8): 
this  result  is  thought  to  reflect  the  presence  of  some  direct  precur¬ 
sors  among  these  lesions.  To  determine  whether  involution  at  the 
site  of  the  benign  breast  disease  was  relevant  to  the  contralateral 
breast,  we  examined  the  ratio  of  ipsilateral  to  contralateral  events 
by  degree  of  involution.  With  no  involution,  the  ratio  was  53.6% 
ipsilateral  to  46.4%  contralateral;  for  partial  involution,  the  ratio 
was  55.9%  to  44.1%;  and  for  complete  involution,  the  ratio  was 
53.5%  to  46.5%  (chi-square  test  for  difference  in  percent  lpsilat- 
eral  across  involution  status,  P  =  .85).  Thus,  the  relationship  be¬ 
tween  involution  extent  and  breast  cancer  risk  w*as  observed  m 
both  the  ipsi-  and  contralateral  breast 

Discussion 

We  characterized  the  degree  of  lobular  involution  in  the  back¬ 
ground  breast  tissue  m  a  large  cohort  of  women  with  benign 
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Table  3.  Relative  risk  of  breast  cancer  by  involution  and  year  of  biopsy 


Extent  of  involution 
and  year  of  biopsy 

No.  of  women 

No.  of  person-years 

No  of  observed  events 

No.  of  expected  events* 

Relative  risk  (95%  CI)+ 

No  involution 

1967-1981 

957 

21886 

105 

56.9 

1.85  (1.51  to  2.23) 

1982-1991 

670 

10384 

45 

22.7 

1.98  (1.44  to  2.65) 

Partial  involution 

1967-1981 

2381 

49080 

204 

1573 

1.53  (1.34  to  1.73) 

1982-1991 

2816 

41329 

200 

142.8 

1.40  (121  to  1.61) 

Complete  involution 

1967-1981 

740 

12524 

55 

46.8 

1.18(0.89  to  1.53) 

1982-1991 

1172 

15851 

51 

69.7 

0.73  (0.54  to  0.96) 

•Number  of  events  expected  on  the  basis  of  Iowa  Surveillance.  Epidemiology,  and  End  Results  breast  cancel'  incidence  data. 
+A11  analyses  account  for  the  effects  of  age  and  calendar  penod.  Cl  =  confidence  interval. 


breast  disease.  Our  data  demonstrate  a  strong,  inverse  relation 
ship  between  degree  of  involution  and  breast  cancer  risk.  To  our 
knowledge,  this  is  the  first  study  to  systematically  examine  age- 
related  involution  in  the  context  of  breast  cancer  risk.  Further¬ 
more,  greater  degrees  of  involution  reduced  breast  cancer  risk 
even  m  high-risk  subsets  defined  by  age,  atypia,  reproductive 
history,  or  family  history'.  There  was  a  strong  direct  association 
between  involution  and  increasing  age.  There  was  an  inverse  as¬ 
sociation  between  involution  and  parity. 

As  in  this  study,  others  have  found  that  older  women  tend 
to  have  fewer  lobules  or  only  lobule  remnants  (4,5).  Cowan  and 
Herbert  (4)  performed  a  detailed  autopsy  study  of  the  breast 
tissue  from  102  women,  aged  50-104  years,  who  died  without 
known  breast  disease.  Although  considerable  individual  variabil¬ 
ity  was  present,  they  described  a  progressive  loss  of  lobules  with 
increasing  age.  Earlier  reports  state  that  age-related  involution 
has  already'  begun  m  women  under  the  age  of  40  years  (1,5).  Our 
data  confirm  that  this  process  is  present,  at  least  to  a  partial  de¬ 
gree.  m  many  younger  women. 

We  hypothesize  that  the  degree  of  involution  detected  at  the 
benign  biopsy  site  reflects  that  of  the  overall  field  of  a  woman  s 
breast  tissue.  We  believe  that  this  hypothesis  is  reasonable  be¬ 
cause  of  our  results  show  ing  a  similar  likelihood  of  contralateral 
and  ipsilateral  breast  cancers  by  involution  status  at  the  site  of  the 
benign  breast  disease  and  because  of  the  high  concordance  in 
involution  status  in  women  who  had  bilateral  biopsy  examina¬ 
tions.  However,  our  study'  design  cannot  answer  this  question 
definitively.  To  do  so  would  require  exammation  of  the  extent  of 
involution  throughout  all  of  a  woman’s  breast  tissue. 

It  is  widely  appreciated  that,  as  w  omen  age.  their  risk  of  breast 
cancer  increases.  But  the  rate  of  increase  of  breast  cancer  slows 
appreciably  at  approximately  age  50  years  (10,11).  which  has 
been  attributed  to  a  reduction  in  ovarian  hormonal  production 
(12).  We  observed  a  definite  increase  in  the  process  of  involution 
at  approximately'  age  50  years  (with  complete  involution  present 
m  5.8%  of  w  omen  aged  40-49  years  and  in  21.6%  of  women 
aged  50-59  years).  These  data  raise  the  possibility'  that  involution 
may  be  contributing  to  the  slowmg  m  the  rate  of  increase  of 
breast  cancer  among  women  older  than  50  years,  as  speculated 
by  Henson  and  Tarone  (7). 

We  exammed  various  factors  besides  age  for  their  association 
with  degree  of  involution.  We  found  an  inverse  association  be¬ 
tween  lobular  involution  and  parity.  Others  have  also  reported 
that  the  more  children  a  woman  has.  the  more  likely  she  is  to 
have  persistence  of  lobular  structures  (1,5).  which  we  found  was 
associated  with  increased  risk  of  breast  cancer.  Yet.  multiparity  is 


generally  considered  to  reduce  the  risk  of  breast  cancer  (13,14). 
Several  factors  may  explain  this  apparent  contradiction.  First,  we 
do  not  have  data  on  the  age  at  each  child  s  birth  for  the  women  in 
our  cohort.  Some  epidemiologic  work  has  suggested  that  full- 
term  pregnancies  after  35  years  of  age  are  associated  with  an  in¬ 
creased  risk  of  breast  cancer  (7,15).  Thus,  data  on  a  woman's  age 
at  each  pregnancy  and  on  her  age  at  breast  biopsy  examination 
would  help  to  evaluate  more  definitively  the  relationships  of  par¬ 
ity,  involution,  and  breast  cancer  risk.  In  addition,  our  study  was 
limited  by  the  relatively  large  size  of  the  group  of  women  catego¬ 
rized  as  having  partial  involution.  More  specific,  quantitative 
measures  of  degree  of  involution  should  be  explored  to  deter¬ 
mine  whether  the  association  between  parity'  status  and  degree  of 
involution  can  be  defined  more  precisely.  Given  the  inverse  as¬ 
sociation  between  complete  involution  and  multiparity  and  given 
that  both  are  associated  with  reduced  risk  of  breast  cancer,  we 
hypothesize  that  the  breast  cancer  risk  modification  associated 
with  parity'  is  independent  of  involution  status. 

There  are  several  biologic  mechanisms  by  which  involution  or 
lack  thereof  could  alter  a  patient  s  breast  cancer  risk.  The  decre¬ 
ment  m  epithelial  cell  number  that  accompanies  involution  may 
decrease  breast  cancer  risk  simply  because  there  are  fewer  epithe¬ 
lial  cells  to  undergo  malignant  transformation.  Another  possibility 
is  that  aberrant  involution  may  be  a  marker  or  phenotype  reflecting 
underlying  constitutional  susceptibility  for  breast  cancer  that  is 
present  in  the  epithelial  or  stromal  compartment  or  in  their  relation¬ 
ship  with  each  other.  Yet  another  possibility  is  that  failure  to  un¬ 
dergo  timely  or  appropriate  involution  allows  prolonged  exposure 
of  epithelial  cells  to  intrinsic  and/or  extrinsic  mutagenic  stresses 
(16-20).  In  this  model,  the  prune  targets  of  such  mutagenic  pro¬ 
cesses,  such  as  stem  cells  or  early  progenitors,  may'  become  quies¬ 
cent  during  the  process  of  involution.  Experiments  to  characterize 
the  epithelial  and  stromal  mediators  present  m  tissue  with  and 
without  involution  m  w  omen  w'ith  and  without  subsequent  cancer, 
should  help  to  clarify'  the  mechanism  of  risk  reduction. 

For  our  work  to  date,  we  divided  extent  of  involution  mto  three 
categories.  We  recognized  that,  although  the  morphologic  patterns 
of  age-related  lobular  involution  have  been  defined  (1,4,5).  no 
histologic  standard  exists  for  evaluating  the  extent  of  breast  in¬ 
volution.  In  particular,  there  is  no  well-characterized  method  for 
grading  partial  degrees  of  involution.  For  this  reason  we  attempted 
to  classify  degree  of  involution  with  the  least  amount  of  subjectiv¬ 
ity'.  Thus,  by  deciding  only  whether  breast  tissue  had  no  lobular 
involution  versus  almost  complete  involution  and  then  by  combin¬ 
ing  the  remainder  into  one  category'  of  partial  involution  we  min- 
nnized  the  subjectivity  inherent  in  judging  percent  involution 
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Our  study  has  several  limitations.  First,  these  findings  do  not 
necessarily  pertain  to  all  women  because  the  cohort  studied  in¬ 
cluded  women  who  had  a  breast  biopsy  because  of  some  con¬ 
cern.  Nevertheless,  women  with  benign  breast  disease  make  up 
a  large  population  who  are  understandably  concerned  about 
their  breast  cancer  risk  (estimated  at  1  million  US  women  each 
year)  (21—23).  Another  limitation  lies  in  our  current  very  broad 
category'  of  partial  involution.  This  category'  encompasses  a 
wide  range  of  involution  extent  (l%-74%  of  lobules  involuted). 
We  expect  that  more  specific  gradations  would  support  more 
refined  association  studies.  Finally,  we  did  not  have  complete 
risk  factor  data  for  all  the  women  in  the  cohort,  largely  because 
the  women  with  biopsy  examinations  m  the  earlier  years  of 
the  cohort  are  now  elderly  or  deceased.  Fortunately,  for  pur¬ 
poses  of  this  report,  we  did  not  have  to  depend  on  the  question¬ 
naire  for  involution  status  or  for  cancer  outcomes  (which  were 
available  from  our  comprehensive  Mayo  medical  record).  We 
had  completed  questionnaires  for  63.8%  of  the  patients  with 
breast  cancer  and  61 .6%  of  the  patients  without  breast  cancer  in 
the  cohort. 

There  are  other  approaches  to  the  study  of  involution  and 
breast  cancer  risk.  Henson  anc  Tarone  (7)  suggested  an  autopsy 
case— control  series  to  look  at  involution  as  a  possible  nsk  factor 
for  breast  cancer.  Although  this  approach  would  provide  access 
to  extensive  amoimts  of  breast  tissue,  the  availability  of  clinical 
risk  factor  information  and  of  a  sufficient  number  of  subjects 
could  be  limiting.  Other  women  who  have  breast  tissue  removed 
m  the  course  of  clinical  care  are  those  who  have  reduction 
mammoplastv  or  prophylactic  mastectomy*  These  women  are, 
respectively,  those  who  have  breast  hvpertrophyr  or  a  hereditary 
predisposition  to  breast  cancer.  Although  involution  (or  lack 
thereof)  in  these  women  is  of  considerable  interest,  their  tissue  is 
not  necessarily  representative  of  the  general  population. 

The  mechanisms  controlling  age-related  involution  are  of 
considerable  interest.  Molecular  programs  that  control  postlacta- 
tional  involution  in  rodents  have  been  studied  extensively  (24). 
With  postlactational  involution,  there  is  dramatic  reversal  of  the 
developmental  changes  wrought  by  pregnancy.  Specifically,  there 
is  widespread  apoptosis  of  alveolar  epithelial  cells  followed  by 
removal  of  apoptotic  debris  and  remodeling  of  the  stroma  and 
extracellular  matrix  (24).  These  events  occur  within  a  matter  of 
days  of  abrupt  weaning  and  restore  the  gland  to  its  prepregnancy 
state  In  contrast,  the  molecular  orchestration  of  age-related  invo¬ 
lution,  to  our  knowledge,  has  not  yet  been  characterized. 

In  the  past,  for  women  with  benign  breast  biopsy  results,  the 
type  and  extent  of  epithelial  proliferation  present  in  then  biopsy 
has  been  the  principal  way  to  stratify*  their  risk.  Results  of  our 
study  indicate  that  assessing  the  status  of  lobular  involution  in 
the  biopsied  tissue  may  ultimately  add  to  risk  prediction  capa¬ 
bilities.  It  is  notable,  as  shown  m  Fig.  2,  C,  that  some  of  the 
most  extreme  risk  estimates  are  observed  in  women  whose  in¬ 
volution  status  is  unusual  for  their  age — namely,  young  wromen 
with  complete  involution  (RR  =  0.43,  95%  Cl  =  0.13  to  1.55) 
and  women  older  than  55  years  with  no  involution  (RR  =  3.2, 
95%  Cl  =  1.90  to  5.08).  It  is  tempting  to  speculate  that  the  pro¬ 
cess  of  complete  mvolution  may  be  protective  and.  conversely, 
that  lack  of  involution  identifies  higher  nsk  groups.  However, 
confidence  intervals  were  wide  around  the  estimates  for  these 
less  common  categories. 

In  summary'.  wre  have  evaluated  the  extent  and  effect  of  age- 
related  lobular  mvolution  in  a  cohort  of  approximately  9000 
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women  who  had  a  benign  breast  biopsy  examination.  We  ob¬ 
served  a  statistically  significant  reduction  in  risk  of  breast  cancer 
among  those  w  omen  whose  breast  tissue  had  undergone  exten¬ 
sive  lobular  involution,  which  was  apparently  independent  of 
other  markers  of  nsk.  Among  women  with  benign  breast  disease, 
assessment  of  extent  of  involution  may  help  to  fine-tune  current 
nsk  prediction  approaches.  Elucidation  of  the  mechanism  of 
lobular  mvolution  may  reveal  ways  to  promote  the  process  as  a 
means  of  risk  reduction. 
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- EDITORIALS - 

Lobular  Involution:  the  Physiological  Prevention  of  Breast  Cancer 

Donald  Earl  Henson.  Robert  E  Tarone.  Halo  Nsonli 


It  truly  ts  a  remarkable  event  when  traditional  pathologic  ob¬ 
servations  lead  to  new  ideas  about  the  prevention  of  cancer  In 
this  issue  of  the  Journal.  Milanese  et  al.  (1).  through  a  histologic 
review  of  breast  biopsy  specimens,  show  that  the  extent  of  age- 
related  lobular  involution  is  strongly  associated  with  a  reduced 
risk  of  breast  cancer  Breast  cancer  risk  decreased  with  increas¬ 
ing  extent  of  involution  in  both  high-nsk  and  low-risk  subgroups 
defined  by  age.  epithelial  atypia.  reproductive  history'  and  family 
history  of  breast  cancer. 

Beginning  in  the  premenopausal  period,  lobular  involution  is 
a  physiologic  process  that  occurs  over  many  years  whereby  the 
parenchymal  elements  in  the  breast  progressively  atrophy  and 
disappear  (2,3).  The  study  reported  by  Milanese  et  al  represents 
a  unique  application  of  the  Mayo  Benign  Breast  Disease  Cohort 
to  investigate  prospectively  involution  as  a  risk  factor  for  breast 
cancer.  It  is  the  first  study,  to  our  knowledge,  to  substantiate  a 
hypothesis  that  is  based  on  pathologic  and  epidemiologic  consid¬ 
erations  that  delayed  involution  is  a  major  risk  factor  for  breast 
cancer  (4,5). 

As  for  an  explanation  of  the  effect  of  lobular  involution  on 
breast  cancer  risk,  it  has  been  suggested  that  a  reduction  ui  mam¬ 
mary*  gland  tissue  that  results  from  involution  should  lead  to  a 
reduction  m  breast  cancer  because  a  progressively  smaller  amount 
of  epithelial  tissue  is  available  for  malignant  transformation  fl,  5). 
The  result  of  involution,  therefore  can  be  considered  physiolog¬ 
ically  analogous  to  a  partial  prophylactic  mastectomy,  with  a 
corresponding  reduction  in  breast  cancer  risk. 

Although  a  reduction  in  mammary  tissue  is  a  plausible  expla¬ 
nation  the  underlying  issue  is  one  of  aging  or.  more  precisely,  the 
failure  of  breast  tissue  to  age  normally'.  The  aging  process  in  the 
breast  is  under  control  of  various  hormones  and  does  not  follow 
the  pattern  seen  m  other  organs  or  tissues.  Pathologists  have  long 
commented  on  the  possibility  that  persistent  atypical  lobules  might 
be  precursors  of  invasive  breast  cancer  (6, 7)  It  seems  paradoxical 
that  an  organ  that  normally  undergoes  complete  or  near  complete 
physiologic  atrophy  would  be  a  site  in  which  cancer  rates  steadily 
increase  with  age  The  continuing  increase  in  breast  cancer  risk 
with  age  is  likely  associated  with  the  persistence  of  glandular 
epithelium  beyond  the  time  of  normal  involution,  reflecting  an 
abnormal  delay  of  the  aging  process  in  the  breast  (4,5). 

Except  for  morphologic  observations  concerning  age  of  onset 
and  progression  with  age.  practically  nothing  is  known  about  the 
process  of  involution  Even  less  is  known  about  factors  that  con¬ 
trol  involution  or  that  delay  or  accelerate  the  process.  In  this  con¬ 
text.  it  is  unknown  whether  the  rate  of  involution  is  genetically 
determined  and  whether  knowrn  breast  cancer  risk  or  environ¬ 
mental  factors  alter  the  rate  of  involution. 

Evidence  indicates  that  some  risk  factors  for  breast  cancer 
may  interfere  or  affect  the  process  of  involution.  In  the  Mayo 
study,  women  with  benign  proliferative  breast  disease  were  sub¬ 
stantially  less  likely  to  have  complete  involution  than  were 


women  with  benign  nonproliferative  disease,  and  women  with  a 
strong  family  history  of  breast  cancer  had  slightly  less  advanced 
involution  than  women  without  such  history  (1/  Late  age  of 
menopause.  wrlnch  increases  the  risk  of  breast  cancer,  is  likely  to 
result  m  delayed  involution  because  of  persistence  of  estrogen 
activity  (5).  Women  whose  first  fiill-renn  pregnancy  occurs  after 
age  35  years  have  an  elevated  risk  for  breast  cancer  compared 
with  nulhparous  women  or  with  women  whose  first  pregnancy 
was  at  a  much  younger  age  (9,10)  After  the  commencement  of 
involution,  late  pregnancy  with  its  concomitant  increase  m  the 
proliferation  of  the  ductal-alveolar  epithelium  is  likely  to  inter¬ 
rupt  the  normal  process  of  involution,  which  typically  begins 
between  30  and  40  years  of  age  Oophorectomy,  which  protects 
against  breast  cancer  (11),  leads  to  the  same  P>pe  of  atrophy  of 
breast  parenchyma  in  young  women  as  that  seen  in  older  women 
(12).  The  reduction  m  risk  may  be  due  to  the  acceleration  of 
involution  induced  by  oophorectomy 

One  of  the  most  striking  findings  m  the  study  of  Milanese  et  al.. 
however,  is  the  degree  to  which  the  strong  association  between 
extent  of  involution  and  breast  cancer  risk  w  as  mdependent  of  all 
known  breast  cancer  nsk  factors  that  were  investigated  (1).  This 
observation  suggests  that  factors  unrelated  to  known  risk  factors 
are  responsible  for  the  protective  effect  of  involution  For  this  rea¬ 
son.  a  greater  understanding  of  the  biologic  basis  for  involution 
will  be  required  to  elucidate  the  mechanisms  of  the  protective 
effect  of  lobular  involution  on  breast  cancer  nsk. 

The  observations  reported  by  the  Mayo  group  may  find  practi¬ 
cal  applications  for  risk  prediction  (1).  It  may  be  useful  for  pa¬ 
thologists  to  report  the  extent  of  involution  m  addition  to  any 
epithelial  changes  found  in  breast  biopsy  specimens  that  do  not 
contain  cancer.  It  will  be  important  to  determine  the  extent  to 
which  mammographic  breast  density  serves  as  a  surrogate  for  the 
extent  of  m volution  By  taking  extent  of  involution  into  account, 
it  should  be  possible  to  increase  the  predictive  abiliry  of  breast 
cancer  nsk  models. 

Results  of  the  Mayo  study  provide  a  new  paradigm  for  breast 
cancer  research  and  prevention.  Age  has  always  seemed  the 
opponent  because  of  the  increasing  nsk  of  breast  cancer  with  age. 
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but  age  may  now  become  an  ally.  The  challenge  will  be  to  un¬ 
ravel  the  natural  history'  of  involution  and  the  normal  process  of 
aging  m  the  breast.  Eventually,  involution  could  become  a  use¬ 
ful  surrogate  endpoint  for  research  m  breast  cancer  prevention. 
A  possible  approach  to  prevention  may  be  to  develop  strategies 
that  achieve  complete  involution  as  early  as  possible  after  child¬ 
bearing  is  completed. 
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Stratification  of  Breast  Cancer  Risk  in  Women  With  Atypia: 
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ABSTRACT 


Pirpose 

Atypical  hyperplasia  is  a  well-recognized  risk  factor  for  breast  cancer,  conveying  an  approxi¬ 
mately  four-fold  Increased  risk  Dfta  regarding  long-term  ahsolute  risk  and  factors  for  risk  stratification 
are  needed. 

Patients  and  Methods 

Women  with  atypical  hyperplasia  in  the  Mayo  Benign  Breast  Disease  Cohort  were  identified  through 
pathology  review.  Subsequent  breast  cancers  were  identified  via  medical  records  and  a  questionnaire 
Relative  risks  (RRs)  were  estlrnzted  using  standaidized  incidence  ratios,  compering  the  observed 
number  of  breast  cancers  with  those  expected  based  on  Iowa  Surveillance,  Epidemiology,  and  End 
Results  (SEER)  data.  Age,  hlstdoclc  factors,  and  family  history  were  evaluated  as  risk  modifiers.  Plots 
of  cumulative  breast  canoer  incidence  provided  estimates  of  risk  over  time 

Results 

With  mean  follow-up  of  13.7  ye;rs,  66  breast  cancers  (19  9%)  occurred  among  331  women  with 
atypia  RR  of  breast  cancer  with  atypia  was  3.88  (95%  Cl,  3.00  to  4.94).  Marked  elevations  In  risk 
were  seen  with  multifocal  atypia  (eg.  three  or  more  foci  with  calcifications  |RR,  10.35,  95%  Cl. 
6.13  to  16  4))  RR  was  higher  foryounger  women  (<45,  RR,  6.76;  96%  Cl.  3.24  to  12.4)  Risk  was 
similar  for  atypical  ductal  and  atypical  lobular  hyperplasia,  and  family  history  added  no  significant 
risk.  Breast  cancer  risk  remained  elevated  over  20  years,  and  the  cumulative  incidence  approached 
35%  at  30  years. 

Conclusion 

Among  women  with  atypical  hyperplasia  multiple  foci  of  atypia  and  the  presence  of  histologic 
calcifications  may  indicate  “very  high  risk”  status  o  50%  risk  at  20  years).  A  positive  family  history 
does  not  further  increase  risk  In  women  with  atypia 
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INTRODUCTION 


Atypical  hyperplasia  is  a  well-established  risk  factor 
for  subsequent  breast  cancer.  Multple  studies  cor¬ 
roborate  an  approximately  four-fold  increased  risk 
of  breast  cancer  in  women  undergoing  surgical  bi¬ 
opsy  with  a  finding  of  atypia.1  ’  Depute  good  con¬ 
cordance  on  the  estimated  relative  risk  (RR)  with 
atvpia,  estimates  of  absolute  risk  .vtth  long-term 
tbUow-up  are  not  well  established.  Reliable  breast 
cancer  risk  estimates  for  women  with  atypia  are  cru¬ 
cial  for  risk-benefit  analysis  and  decision  making 
regarding  risk-reduction  strategies 

The  Gail  model  in  current  use  predicts  a  dra¬ 
matically  increased  risk  for  those  women  who  have 
both  atypia  and  a  family  history  (over  that  of  atypia 
alone) !  Prior  published  literature  fus  stated  that  the 


risk  of  breast  cancer  abates  considerably  after  10 
years  after  a  diagnosis  of  atypia,’  whereas  more  re¬ 
cent  evidence  indicates  otherwise 10  It  is  also  unclear 
whether  breast  cancer  risk  is  higher  in  cases  of  atyp¬ 
ical  ductal  hyperplasia  (ADH)  versus  atypical  lobu¬ 
lar  hyperplasia  ( ALH ). 

Here,  we  present  a  comprehensive  description 
of  breast  cancer  risk  in  women  with  atypical  hyper¬ 
plasia,  based  on  33 1  women  with  atypia  in  the  Mayo 
Benign  Breast  Disease  Cohon.  Our  investigation  ad¬ 
dresses  the  effect  of  family  history  on  atypia  nsk.  the 
effect  of  time  since  biopsy,  Ihe  influence  of  ductal 
versus  lobular  histology,  efforts  of  age  at  atypia  diag¬ 
nosis,  and  presence  of  calcificationsonbreast  cancer 
risk  in  addition,  we  provide  absolute  risk  estimates 
over  time,  and  we  aiso  preseot  a  new  histologic  fea¬ 
ture  of  atypia — multifocal  its — that  stratifies  breast 
cancel  risk  among  women  with  atypia. 
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Study  Population 

Unity  critcrw  lor  the  study  cohort  have  been  previously  described.1 
Briefly,  this  comprises  an  instil  utionai  review  board— approved  study  of 
women  agps  1  6  to  S5  years  who  had  a  benign  breast  biopfly  via  surgical  excision 
during  1967  to  1991  The  miti.il  cohort  included  9/)87  women  Whh  addi- 
I  ional  follow-up,  data  air  now  avail  able  for 9,376  women,  3  31 1 3.5%)  of  whom 
had  atypical  hyperplasia. 

Follow-Up 

Follow- up  for  breast  cancer  events  (including  both  invasive  cancer  and 
ductal  carcinoma  in  situ  |  DC1SJ  i  and  risk- factor  information  were  obtained 
for  all  women  with  atypia  through  the  Mayo  medical  record  and  a  study 
questionnaire.  Family  history  was  cl ossified  as  negative,  string,  or  weak.  The 
criteria  for  a  strong  family  history  were  at  least  one  first-degree  reLilnre  with 
breast  cancer  before  the  age  of  50  years  or  two  or  more  relatives  with  breast 
cancer,  with  at  least  one  being  a  first-degree  relative.  An y  lesser  degree  ot  family 
history  was  considered  weak.1 

Histology 

.Ml  available  archiv'd  hematoxylin  and  cosm-stmncd  sections  were  eval¬ 
uated  by  am  breast  pathologist  iD.W.V),  without  knowledge  of  the  original 
histologic  diagnoses  or  patient  outcomes.  The  number  of  didev  reviewed  pci 

mar  Wn«;  YnrtaWr  b^.-ancr  of  tbr  rrtm«pivtn'r  Until  rr  of  the  ohidy,  vrilb  ,i  mrnn 

of  3.2  (standard  deviation,  3.7).  Calcifications  war  revoided  for  each  ease 
when  seen  histologically.  A  diagnosis  of  ADH  or  .ALII  was  baaed  Q  n  the  cril  cria 
of  Page  el  aL3'11  ADH  was  characterized  by  filling  and  distension  of  involved 
ductsby  an  architecturally  complex  problem  ti  an  of  monotonous  cells  forming 
"punched  out”  (enbriform-like  i  secondary  lumens  or  micTopapillaiy  forma¬ 
tions,  Although  well -developed  examples  of  ADH  share  some  morphologic 
features  with  low-grade  DOS,  the  latter  is  characterized  by  tumdactn-r  growth 
i  requiring  complete  involvement  of  >2  contiguous  lumens )  as  well  os  greater 
nuclear  enlargement  and  hypcrchiomatism.  For  each  example  of  atypical 
hyperplasia.  )hc  number  of  separate  fori  was  dcfmcJ  Multifocal  atypia  re¬ 
quired  its  identification  in  more  than  one  terminal  duct  lobular  unit  i  TDLUt 
as  defined  by  clear  separation  from  another  by  nompraalizod  interlobular 
nummary  stroma  .Ml  coses  of  multifocal  atypia  were  agreed  on  by  two  study 
pathologists  (D.W.V  and  CAR.). 

The  primary  study  pathologist  ( D.W.V.  J  identified  332  eases  of  atypia 
from  the  entire  benign  breast  disease  cohort  of9,376.  To  address  concerns  of 
rep  rod  liability  in  the  diagpryas  of  atypia,1- "we  performed  a  nested  study  of 
concordance,  blinding  another  pathologist  (H.B  )  to  the  stud)'  diagnoses  in  a 

random  nufoet  ofccvrral  huniiroi&dmpLci  from  the  original  cohort,  including 

nonpivJifcralivr  lesions,  proliferative  disease  without  atypia,  and  atypical  hy- 
peiplusnL  Of  1 89  atypia  samples  reviewed  for  concordance,  1 65  ( 87.3%i  aty- 
pias  were  similarly  classified  by  subsequent  independent  review,  Of  the 
remaining  24  cases  with  differing  interpretation,  1 8  were  then  tudged  to  have 
atypia  by  joint  review  (D.W.V.  and  H.B.  I,  and  five  of  six  remaining  cases  had 
atypia  by  review  of  a  thud  "Tiebreaker’'  breast  pathologist  (CAR.)  The  one 
ease  in  question  was  excluded  from  further  analysis,  leaving  a  total  of  331 
subtexts  for  study. 

Statistical  Analysis 

Follow-  up  was  'defined  os  the  number  of  da  vs  from  benign  b  iopsy  i  o  date 
of  breast  cancer  diagnosis,  death,  or  last  contact  We  estimated  RRs  with 
standardized  incidence  ratios  i,  SIRs  i  and  95%  Cls,  dividing  observed  num  her  s 
of  incident  breast  cancers  by  expected  counts.  We  calculated  expected  counts 
by  apportioning  each  individual's  follow-up  Umc  into  5-year  age  and 
calendar-period  categories,  and  applying  these  person-years  to  population- 
based  incidence  rates  thereby  ocoo  uni  ing  for  differences  in  r  hese  variables  We 
used  the  Iowa  Surveillance,  Epidemiology,  and  End  Results  ( SEER)  registry  as 

the  reference  population,  because  of  rtr  p feminity  to  ihe  Mayo  Clinic  catch¬ 
ment  area  and  racial  similantics  compared  with  our  cohort. 1  We  extrapolated 
incidence* rate  data  lor  cohort  follow-up  occurring  outside  the  SEER  time¬ 
frame  ( 1973-2002 1,  such  that  person-years  before  1973  were  applied  to  1973  to 
1975  incidence  rates,  and  person-years  subsequent  lo  21132  were  applied  to 


2001  lo  2(£C  incidence  rates.  Assuming  a  two-sided  test  of  hypothesis  and  a 
type  I  error  rate  of 0.05s  we  would  have  80%  powerto  detect  SIRs  oslowas3.t»l 
if  the  expected  event  count  is  2J),  as  low  as  297  if  the  count  is  42,  as  low  as  2 1)8 
it  the  count  is  lOJ.andaslow.is  1.84itthccnunt  is  17.  Note  that  these  expected 
counts  reflect  the  approximate  expected  numbers  of  events  in  our  cohort  for 
women  with  three  or  more  foa  of  atypia.  two  fod.  one  focus,  and  all  subsets 
combined,  respectively 

Recognizing  dial  other  biologic  mechanisms  may  modify  the  association 
of  atypia  and  breast  cancer  risk,  we  formally  assessed  the  potential  differential 
effects  of  these  mechanisms  using  Poisson  regression  analyses.  This  approach 
allowed  us  to  estimate  SIRs  with  the  flexibility  that  generalized  linear  models 
provide,  such  as  covariate  adjustment  and  tests  for  trend  or  heterogeneity 
across  subgroups.  For  all  analyses  the  log-transformed  expected  event  rate  for 
each  individual  was  modeled  as  the  offset  term. 

We  displayed  observed  and  expected  event  rates  using  cumulative  inci¬ 
dence  cuives  and  corresponding  95%  confidence  limits,  accounting  for  the 
effects  oi  death  os  a  competing  rak.13  Expected  events  were  calculated  for  each 
1-year  fcJlow-up  interval  in  a  manner  similar  to  that  used  for  determining 
SIRs  A  modified  Kaplan-Meici  approach  was  u»d  la  cumulate  expected 
incidence  over  these  intervals.  The  expected  curve  was  then  smoothed  using 
linear  interpolation. 

We  compared  the  RR  of  ipsilateral  versus  contralateral  breast  cancer 
overall  and  jot  css  different  medical  characteristics  using  ratios  of  correspond¬ 
ing  incidence  rates.  When  calculating  incidence  for  ipsilateral  cancer,  individ¬ 
uals  with  contralateral  cancer  were  excluded  at  their  diagnosis  dote,  and  vice 

versa.  Women  with  missing  laterality,  or  having  bilateral  biopsies  or  cancer, 
were  excluded  for  both  events.  The  RRs  ait  equivalent  In  ratios  of  observed 
events,  as  the  approach  yields  identical  person-years  for  each  event  type.  We 
thus  used  properties  of  the  binomial  distribution  to  obtain  exact  95%  Qs  for 
the*  RRs14  .Ml  statistical  tests  were  postulated  a  prioriand  were  two  sided,  and 
all  analyses  were  conducted  Using  the  SAS  software  system  iSAS  Institute, 
Guy,  NO. 


Characteristics  of  Patients  and  Pathologic  Specimens 

A  total  of  331  women  with  atypia  were  identified  in  our  cohort 
between  1967  and  1991.  In  Table  1.  we  present  the  patients' viulstatus, 
breast  cancer  status,  family  history,  age  at  biopsy,  year  of  biopsy, 
indication  for  biopsy,  and  histologic  features.  Women  were  likely  to  be 
older  than  55  at  diagnosis  of  atypia  <  55.9%  i ,  and  419%  had  a  family 
history  of  breast  cancer  1 23.5%  with  a  strong  family  bistory).  !  Iisio- 
logfc  findings  included  calcifications  in  most  cases  of  atypia  (68.6%  I, 
most  cases  1 60,1  % )  had  only  one  locus  of  atypia.  The  relative  percent¬ 
ages  of  women  with  one,  two,  and  three  or  more  fod  of  atypia  re¬ 
mained  stable  over  the  time  period  of  the  cohort  The  proportions  of 
women  with  ADH  and  ALH  were  similai . 

Subsequent  Breast  Cancer  Risk  and  Modifying  Factors 

The  331  women  with  atypia  were  followed  for  a  total  of  4343 
person-years  imean  13.7  years),  with  66  (19.9%)  observed  breast 
cancer  events  to  date.  The  histologic  types  are  known  in  61  of  these, 
with  53  tS69%)  of  6 1  Invasive  cancers  and  eight  (13.1%)  of6!  DC1S. 
The  majority  of  invasive  cancers  were  ductal  type  (47  of 53, 89%),  and 
the  remainmg  six  invasive  lobular  cancers  were  divided  between  the 
ALH  and  .ADH  subgroups.  Table  2  shows  the  estimated  RRs  tor  breast 
cancer  assodated  with  various  characteristics.  The  overall  group  with 
atypia  demonstrates  a  four-told  RRofbreast  cancer  (RR,  3.88;  95%  Cl, 
3.00  to  4 .04)  compared  with  the  general  population. 

Family  History 

There  were  no  sigmricant  differences  in  RR  seen  among  the 
subgroups  with  a  strong  family  history  (RR.  359;  95%  Cl.  1.9b  to 
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Table  1  Clinfcai  ena  Histologic  CteracteristicE  Among  tn*  331  Women  With 
Atypical  Hyperplasia  From  the  Mayo  Benign  Brese:  Disease  Cohort  Study 

flharaprpheric 

No 

% 

Virai  status 

Deceased 

101 

30.5 

#ive 

230 

69.5 

Breast  cancer  status 

Noncase 

265 

90.1 

Case 

66 

19.9 

Age  R  biopsy,  years 

Mean 

68 

SD 

12 

Family  history  of  D'east 
cancer 

Unknown 

42 

Non* 

165 

67.1 

Weak 

66 

194 

Strong 

66 

23.6 

Age  at  BED,  years 

4 E  at  BBD  0>: 

46 

139 

45-6E  a*  BBD  D» 

100 

30.2 

-  EG  at  BBD  Dx 

106 

669 

Year  of  BBD 

1967-1971 

15 

45 

1972-1976 

35 

106 

1977-1981 

40 

12.1 

1962-1986 

9- 

29.0 

1967-1991 

146 

439 

Inaication  for  oopsy 

Unknown 

6 

Papabte  mass 

139 

429 

Mammocrapnc  acnormelity 

166 

67.2 

Calcifications 

Without  cofcificationa 

104 

014 

With  calcifications 

227 

60.6 

Histologic  subtype 

Lobular 

17E 

629 

Ductai 

142 

429 

Lobular  and  ductel 

14 

4.2 

No.  of  foci  of  atypia 

1 

199 

60.1 

2 

61 

245 

»3 

61 

15.4 

Abbreviations:  SD.  standard  deviation; 

BBD.  benign 

breast  disease: 

Dx,  diagnosis. 

6.03),  a  weak  family  history  (IUI,  5.59;  95%  Cl,  3.20  to  9.09),  nr 
a  negative  family  history  (RR,  3.81;  95%  Cl,  2.60  to  5  37;  Table  2. 
Fig  1  A). 

Age  at  Biopsy 

Women  with  atypia  diagr  owd  at  younger  age  had  a  higher  RR 
compared  with  age-matched  expected  rates  (  Table  2;  Fig  1C ).  The  RR 
was  t>76  at  age  less  than  -15, 5. 10  at  age  45to  55,  and  2.87  at  age  greater 
than  55  years  |  ['  for  trend  =  .01 )  The  increased  risk  seen  in  younger 
women  was  not  due  to  a  positive  family  history,  because  there  was  no 
difference  in  nsk  for  women  wrh  and  without  a  family  history  in  each 
age  subgroup  i  data  not  shown). 

A lumber  of  Foci  of  Atypia 

Increasing  risk  was  seen  wth  increasing  fod  of  atypia:  RR  =  2.33 
with  a  single  focus.  52ofor  two  fod,  and  7.97  for  three  or  more  fod. 


with  a  highly  significant  test  for  trend  ( P<. 001;  Fig  lBi.  Tire  increased 
risk  seen  with  multiple  fod  of  atypia  was  not  due  to  predominance  of 
young  ( higher  risk)  women  in  those  subgroups:  women  younger  than 
45  years  constituted  only  4. 94%  and  7,84%  ol  the  subgroups  with  two 
and  three  foci  of  atypia,  compared  with  19.1%  of  the  subgroup  with 
one  focus  Multivariate  Poisson  tegression  analysis  also  confirmed 
that  young  age  and  multifocality  contributed  independently  to  in¬ 
creased  risk. 

Calcifications 

Risk  was  dramatically  increased  in  the  small  group  of  women 
in  =  38  j  with  both  calcifications  and  three  or  more  foci  of  atypia 
i  RR,  10.4: 95%  CI,o.  I  t  to  lo .41.  However,  women  with  calcihcanons 
and  less  than  three  fod  of  atypia  (RR,  5.1 1  had  t Is!,  similar  to  that 
of  patients  with  fewer  than  three  fod  of  atypia  and  no  calcifications 
|RR,3.31). 

Histologic  Type  of  Atypia 

Histologic  type  of  atypia  dd  not  affect  breast  cancer  risk, 
because  the  RR  of  breast  cancer  was  the  same  for  ADH  and  ALH. 
although  the  few  individuals  with  both  histologic  types  may  have 
higher  risk  (Fig  ID) 

Indication  for  Biopsy 

Breast  cancer  risk  was  similar  whether  a  palpible  or  nianimo- 
graphic  concern  prompted  the  biepsy 

At-Risk  Time  Interval  and  Cumulative  Incidence  of 
Breast  Cancer 

The  RR  ofbreast  cancer  for  tile  entire  group  with  atypical  hyper¬ 
plasia  was  elevated  persistently  beyond  15  years,  with  a  20-vear  cumu¬ 
lative1  risk  of  21%  1 95%  CL  14%  to  28%  I  and  a  25-year  cumulative  risk 
of  29%  (954!)  Cl,  20%  to  38%;  Fig2).  Stratification  based  on  number 
of  fod  of  atypia  demonstrates  a  cumulative  inddence  of  18%  fot  a 
single  focus,  45%  for  two  fod.  and  48%  for  three  or  more  fod  of  atypia 
at  25  years  of  follow-up  i  Fig  3) 

Laterality  of  Breast  Cancer  Risk 

Of  the  t>6  women  with  atypia  who  subsequently  develofed  breast 
cancer,  side  of  cancer  and  side  ol  atypia  are  known  in  57  cases.  Al¬ 
though  cancer  was  more  tfequent  in  the  ipsiljteral  breast,  this  differ¬ 
ence  was  not  statistically  significant  for  the  overall  group  with  atypia 
i  RR,  1.38  for  ipsilateral  v  contralateral  event;  95%  Cl,  0.79  to  2.21  i. 
However,  the  32  women  with  abpia  svho  developed  breast  cancer 
within  10  years  of  their  benign  biopsy  were  2-2  times  more  likely  ( 954b 
Cl.  1  07  to  485:  P  =  051  to  develop  ranoer  in  the  samehreast  s’ersm 
die  opposite  breast  Women  with  ADH  had  h  igher  ipsilatera  I  risk  (RR, 
1.50c  95%  Cl. 0.62  to  3.821,  and  women  ssith  three  or  more  fod  also 
had  higher  risk  of  ipsilateral  breas:  cancer  (RR,  2.20; 95%  Cl,  0.71  to 
4.52),  although  these  increases  did  not  reach  statistical  signthcance 
due  in  part  to  small  numbers  of  events  and  modest  statistical  power  for 
these  analyses  Women  svith  ALH  had  similar  cancer  risk  in  both 
breasts  (RR,  1.08;  95%  Cl,  0  45  to2.!4) 


Discussion 


Having  reliable  breast  cancer  risk  estimates  tor  women  ssith  atypical 
hyperplasia  Is  imperative  in  order  ti  tailor  their  care  appropriately.  For 
women  with  atypia,  the  Gail  model  is  the  only  model  available  for  risk 
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Tairle  2.  Risk  Factors  for  Brass1.  Career  Among  the  331  Women  With  Atyoia  From  the  Mayo  Benigi  Breast  Disease  Cotort  Study 


Variable 

No, 

Person-Yeere 

Observed  Events 

Expected  Events 

RR 

95%  Cl 

Overai  atyps  group 

321 

4.543 

66 

17J5 

3.8E 

3.00  to  4.94 

Age  at  benign  biopsy,  years 

:  d£ 

676 

10 

1.6 

6.76 

3.24to  1240 

46-65 

ICO 

1,540 

26 

5.1 

6.10 

3.33  to  7  48 

<  66 

166 

2.325 

30 

104 

2.87 

1.94  to  4.10 

No.  of  foci  of  stypia 

1 

ise 

2.792 

24 

103 

2.33 

l  49  to  346 

2 

El 

1.066 

22 

42 

5.26 

3.2010  796 

^3 

El 

666 

20 

2.5 

7.97 

48710  12.30 

Calcifications 

Without 

1C4 

1.629 

10 

56 

321 

1.90  to  6.08 

Wfrh 

m 

3013 

4ft 

114 

471 

3  Ifliofi  Kfl 

<  3  foci 

169 

2,636 

30 

9.7 

3.10 

200  to  4.43 

a:  3  foci 

:-8 

478 

16 

1.7 

19.4 

6. 13  to  16.40 

Histokigic  subtype 

Lobular 

17E 

2,635 

34 

93 

3.67 

251  to  6.13 

Ductal 

142 

1.815 

27 

70 

3.83 

2 S3  to  6.58 

Lobular  ard  ducts 

14 

194 

5 

0.7 

231  to  16.6 

Family  history  of  breast 
rwnr»r 

None 

1E6 

2,226 

32 

84 

3.81 

280  to  637 

Weak 

66 

763 

16 

29 

5.69 

3.20 10  9.09 

Strong 

66 

1,029 

14 

39 

3.59 

1.96  to  6.03 

Indicat  on  for  bopsy 

F'ababte  mesa 

120 

2.038 

33 

7  2 

4.SE 

3.13  to  639 

Marrimographic  abnormality 

166 

2.409 

32 

98 

3.36 

230  to  4,74 

NOTE.  RR  ana  Cl  represent  standardized  nddenc*  ratio  ana  96%  confidence  limits,  compering  observed  numbe’  of  events  to  those  expected  baeed  on  bwa 
Surveillance,  Epioemioiogy.  and  End  Res-utis  data.  All  results  account  for  the  effects  of  age  and  calendar  peried. 

Abbretiation.  RR.  relative  risks. 


prediction,'  In  this  model,  calculations  of  risk  for  women  with 
atypia  and  a  family  history  are  dramatically  higher,  based  on  prior 
evidence  from  the  Nashville  study.2  Therefore,  for  a  ou-year-old 


white  woman  with  menarche  at  age  12,  first  birth  at  24,  and  atypia 
on  breast  biopsy,  the  predicted  lifetime  risk  of  breast  cancer  is 
l/.5%.  If  that  same  woman  also  has  a  first-degree  relative  with 


R(  1.  Stratification  of  breesi  cenaer  risk 
for  women  with  atypical  hypendasia.  IAI 
Family  history.  (Bi  number  of  foci.  lO  age 
at  diagnosis,  and  ID)  histologic  type.  Res¬ 
tive  risks  expressed  as  standardized  inci¬ 
dence  ratios  and  96%  oonfioence  limits, 
comparing  observed  nunnbar  of  events  to 
those  expected  based  on  Iowa  Surveil¬ 
lance.  Epidemiology,  ana  Ena  Results  data. 
Al  results  eocount  for  the  effects  of  age 
and  caienoa'  period.  Horizontal  lines  at  1 .0 
reflects  the  cverai'  expected  relative  risk  in 
the  cohort.  A_H,  atypical  lobuar  hyperpla¬ 
sia;  ADH.  atypical  ductal  hype-piasia. 
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Fig  2.  Cunvjletve  risk  cf  bfeast  cancer  over  time.  Observed  cumulative  breast 
cance-  ircictenrs  among  women  with  aiyDieal  hyperplasia,  with  95H  CIs 
represented  oy  stippled  lines.  Expected  oresst  canoei  events  were  calculated  by 

scplying  age-  end  calendar  peri-o-stratified  person-yeais  of  observation  to 
conesbandirg  Iowa  Sunreillance,  Epidemiology,  and  End  Results  breast  cancer 
incidence  *ates.  Observed  and  expected  events  cumulated  after  eocounting  for 
death  as  a  -competing  risk. 


breast  cancer  her  lifetime  risk,  doubles  to  34%  Our  data  indicate 
that  the  Gail  model  predicts  inaccurately  for  such  women  because 
the  increased  risk  of  breast  cancer  associated  with  atypia  is  inde¬ 
pendent  of  the  effect  of  family  history 

Women  in  our  cohort  with  atypiaand  a  positive  family  history  of 
breast  cancer  had  no  additional  increased  risk  of  breast  cancer  over 
that  of  atypia  alone.  This  finding  counters  the  commonly  held  view 
proposed  by  tie  Nashville  study  ( ie,  that  atypia  and  a  positive  family 
history  tnaeate  breast  cancer  risk  additivelv).  When  data  from  other 
major  studies  of  benign  breast  disease  are  considered  along  with  the 
Mayo  finding),  the  preponderance  of  evidence  calls  into  question  the 
result  from  the  Nashville  group.  In  that  study,  the  subgroup  of  women 
with  atypiaand  a  firmly  history  was  small  (n  =  39)  with  an  RR  of  8.9 
(95%  Cl.  4.8  'a  171,  compared  with  3.5  (95%  Cl,  13  to  5.5)  in  193 


Fig  3.  Observed  and  expected  cumulative  breast  cencar  incidence  among 
women  with  8t/pica:  r-yperplasie,  stratified  Dy  numter  o!  foci  of  atypia  and 
histologic  presence  of  calcifications.  Expected  events  calculated  by  applying  ege- 
and  calendar  perod-etr9tifi«<i  person-years  of  observation  among  al  I  women  with 
atypia  to  corresponding  Iowa  Surveillance,  Epidemiology,  ar<j  End  Results  br&ast 
cancer  incidence  rates .  Observed  ana  expected  events  cumulated  after  account¬ 
ing  -for  death  as  a  competing  risk 


women  with  atypia  and  no  family  hi  itnrr,-  In  conti  ast  evaluation  of  a 

much  larger  population  in  the  Breast  Cancer  Detection  and  Demon¬ 
stration  Project  showed  simila  r  frequencies  of  breast  center  in  women 
with  atypia  and  family  h  istory  ( 1  o  ot  2h  1 , 0.1  %  j  compared  with  those 
with  atypia  alore  (51  of  1,044, 4.9%).'*  Recent  data  tram  the  Nurses* 
Health  Study  confirm  our  finding thata  family  history  afbreast  cancer 
in  a  first-degree  relative  does  not  lurther  increase  riskamong  women 
with  atypical  hyperplasia.13  To  explain  th.re  findings,  we  postulate 
that  atypical  hyperplasia  is  a  phenotype  reflecting  increased  risk;  this 
phenotype  derives  horn  both  inherited  ride  and  lifetime  exposures 
Thus,  the  histologic  presence  of  atypia  already  reflecls  the  increased 
breast  cancer  risk  inherent  in  a  positive  family  history 

We  have  identified  a  new  histologic  variable  (hat  appears  to 
stratify  risk  in  women  with  atypia  mitltifocality  The  RR  of  breast 
cancer  increases  in  a  dose-response  fashion  for  women  with  one.  two. 
and  three  or  mere  fact  ot  atypia.  with  a  statistically  significant  test  for 
trend.  With  a  single  locus,  the  cumulative  incidence  of  breast  cancer 
reached  18%  at  25  years.  For  women  with  two  ormoie  foci  of  atypia, 
the  cumulative  risk  of  breast  cancer  wax  greater  than  -10%  at  25  years 
•Moreover,  in  th?  highest  risk  subgroup  of  women  with  three  ot  more 
fori  and  histologic  calcifications.  Ihe  cumulative  incidence  exceeded 
50%  over  25  years.  This  level  of  risk  approaches  that  reported  for 
carriers  of  BRCA  mutations.  “■  in  line  with  our  observation,  differen¬ 
tial  risk  based  on  extent  of  disease  has  been  established  for  lobular 
neoplasia  (ie.  AlH  v  lobular  carcinoma  ).‘T  and  the  number  of  fori  of 
atypia  found  ir  core  needle  biopsy  specimens  correlates  with  the 
likelihood  of  finding  cancer  at  surgical  excision  '* 

Some  may  question  whether  multifocal  atypias  may  actually  rep¬ 
resent  subtle  in  litu  carcinoma,  particularly  those  of  the  ADH  type  In 
cases  of  multifocal  ADH,  it  should  be  emphasized  thal  individual  fori 
arose  in  separate  and  distinct  terminal  duct  lobular  units,  none  of 
which  measured  more  than  2  mm  Hence,  these  examples  tailed  to 
exhibit  the  confluent  degree  of  cellular  proliferation  requisite  for  a 
diagnosis  of  DUS.  We  submit  thal  more  widespread  distribution  of 
atypical  fori  within  breast  tissue  signals  a  larger  burden  of  at- risk  tissue 
that  has  progressed  along  the  continuum  toward  breast  cancer  The 
data  presented  in  this  article  provide  evidence  that  th?  extent  of  pre- 
malignant  breast  change  is  related  to  subsequent  cancer  risk  Since  this 
is  Ihe  first  repor  of  the  clinical  relevance  ofthis  histologic  finding,  we 
recognize  tile  need  for  validation  and  plan  to  evaluate  this  (actor  in  a 
more  recent  cohort  from  our  institutioa  Furthermore,  we  hope  that 
other  research  groups  with  large  numbers  of  patienis  with  atypical 
hyperplasia  will  also  exa  mine  the  relevance  of  multifocal  atvpia  in  their 
study  sets. 

Age  at  the  diagnosis  of  atypia  also  emeiged  as  a  significant  mod¬ 
ifier  of  subsequent  breast  cancer  risk,  with  a  higher  RR  in  younger 
women  The  Nnrses  Health  Study3  and  the  Breast  Oncer  Detection 
and  Demonstration  Project1  hare  also  shown  higher  risk  in  younger 
women  with  atypia.  In  our  cohort,  this  increased  usk  in  younger 
women  is  not  explained  by  more  frequent  multifocal  disease  or  a 
positive  family  history.  Perhaps  atypical  hyperplasia  present  at  a 
young  age  is  the  result  of  previous  oncogenic  event);  alternatively, 
breast  tissue  with  atypia  maybe  unusually  susceptible  to  proposed 
oncogenic  estrogen  metabolites  associated  with  the  premeno¬ 
pausal  hormonal  environment.1’ 

When  counseling  women  with  atypical  hyperplasia,  the  length  of 
time  at  risk  is  i  key  element  in  planning  risk-reduction  strategies. 
Dupont  and  Page7  reported  thal  the  greatest  nslc  ofbreast  cancer  after 
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a  diagnosis  of  atypia  lies  in  the  first  10  years,  with  subsequent  RR 
reduced  by  half  i  ?  =  .06)  By  contrast,  the  Nurses  Health  btud)JD 
found  that  risk  does  not  decrease  over  time,  with  RR  slightly  higher 
more  than  10  years  after  biopsy  ( RR,  3.t>)  compared  with  the  first 
10  years  (RR,  3.2).  Our  data  confirm  that  the  RR  for  breast  cancer 
after  j  biopsy  demonstrating  atypia  remains  significantly  elevated 
for  at  least  1 5  years. 

Data  on  long-term  absolute  risk,  arc  more  useful  than  RR  esti¬ 
mates  when  counseling  patients  Our  study  provides  estimates  cf 
absolute  risk  for  women  with  atypia  and  indicates  a  higher  cumulative 
incidence  of  breast  cancer  with  long-term  follow-up  than  has  beea 
reported  by  other  studies.  Figures  from  the  study  of  Dupont  and  Page 
show  a  cumulativebreast  cancer  incidence  of  13%  at  20  years  and  23% 
at  25  years  in  women  with  atypia."  The  cumulative  incidences  identi¬ 
fied  in  our  cohort  were  higher  21%  at  20  years  and  2°%  at  25  yean 
One  factor  contributing  to  this  difference  is  our  inclusion  of  DOS  as  a 
recordable  breast  cancer  event,  whereas  the  Nashville  study  counted 
only  cases  of  invas  ve  breast  cancer  *  Because  DCIS  currently  receives 
local  treatment  ( and  in  some  cases,  systemic  treatment )  simiia  r  to  that 
for  earh  -stage  invasive  breast  cancer,  it  in  reasonable  to  include  cases  cf 
DCIS  when  estimating  risk 

Our  data  on  the  laterality  of  subsequent  breast  cancer  do  net 
allow  conclusions  'ega  nil ng  atypical  hyperplasia  acting  as  a  precursor 
lesion,  yet  there  is  a  suggestion  of  predilection  for  the  ipsilateral  breast 
that  requires  ongeing  study.  Breast  cancers  occurring  in  the  first  D 
years  after  atypia  diagnosis  were  significantly  more  likely  to  occur  b 
the  ipsilateral  breast.  A  recent  study  of  gene  expression  profiling  iden¬ 
tified  remarkably  similar  alterations  in  gene  expression  among  ADH. 
DCIS,  and  invasive  cancers  found  in  the  same  specimen,  supporting 
the  role  of  atypical  hyperplasia  as  a  precursor  lesion .  Regarding 
differences  in  ipsilateral  risk  for  ductal  versus  lobular atypia,  we  found 
that  risk  was  equal  for  both  breasts  after  a  diagnosis  of  ALH,  which  is 
consistent  with  the  distribution  af invasive  breast  cancers  after  a  diag¬ 
nosis  of  lobular  carcinoma  in  situ'1 2  In  contrast,  ADH  was  more  likely 
associated  with  a  liter  ipsilateral  breast  cancer,  as  has  been  shown  for 
TkIIS  untreated  after  diagnostic  biopsy.22 

In  conclusion,  our  study  provides  a  comprehensive  analysis  cf 
breast  cancer  risk  associated  with  atypical  hyperplasia.  These  findings 
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confirm  a  four-fold  RR  of  subsequent  breast  cancer  in  women  with 
atypical  hyperplasia  We  estimate  that  the  long-term  absolute  risl 
of  subsequent  breast  cancer  (in  situ  or  uvasive)  is  higher  thar 
previously  reported — at  least  25%  at  25  yens,  and  as  high  as  50<M 
to  60%  in  a  high-risk  subgroup  defined  by  multifocal ity  and  calci¬ 
fication*.  A  positive  family  history  does  not  confer  significantly 
increased  risk  in  women  with  atypia.  Improved  risk  prediction  anc 
stratification  is  now  possible  to  guide  risk-reduction  counseling  foi 
women  with  atypical  hyperplasia. 
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Abstract  Background:  I  he  risk  for  subsequent  breast 
canocr  In  women  diagnosed  with  radial  sear  lesions  (RSi 
on  benign  breast  biopsy  remains  controversial  We  sludied 
die  relative  risk  of  radial  scar  lesions  In  a  huge  cohort  of 
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patienls  ssilh  benign  breast  disease  IBBD).  Methods:  Ka 
dial  scars  were  identified  in  a  BHD  cohort  of  9.262  paiienls 
biopsied  ai  Mayo  Clinic  betNveen  196  /  and  1 99 1  Radial 
scar  lesions  sure  classified  as  proliferative  dlsce-t-  withoui 
atypla  fl’DW  A)  unless  atvpia  was  present  (classified  as 
atypical  hyperplasia  |  AH|  i.  Ihe  ohsened  number  of  breast 
cancers  developing  among  those  with  RS  svas  compared  to 
that  c  spec  led  in  lire  general  population  using  slaitdardi/cd 
incidence  ratio'  (SIRs.  mean  follow-up  mterv a  17  years). 
Hesultr.  RS  wt're  identified  in  439  i4.7%-  |  of  the  cohort 
members;  382  87.0%)  conlained  one  RS.  42  (9.6')f  )  con¬ 
tained  invo,  9  <2,09fc  |  contained  three,  and  6  (1.4%)  con¬ 
lained  four  or  more.  Ihe  maiortly  of  RS  1356.  82,4% )  were 
less  than  5,0  ntm  in  diameter:  H\  (13.4%)  were  5.0 
9.9  mm.  and  It)  (3.7%)  were  10.0  mm  or  gealcr.  Ihe 
relative  risk  for  women  with  f'DWAand  RS  was  1.88  |95% 
CL  I  Mi  2.5 3 1.  no  different  than  I’DWA  wilhcul  RS  |rel 
alive  risk  1.57  (95%  Cl.  1.37-1. 79)  l/*-0,29)|.  Women 
with  atypical  hyperplasia  and  RS  l/i—  6(1)  had  a  relative 
ask  of  2.81  1 95%  C’f.  1.29  5 .35 1.  while  those  with  atypia 
hul  wtlhoul  f<S  had  a  relahve  ask  of  3.97  195')  Cl.  2.99 
5.19).  Can t  Batons:  KS  imparls  no  increased  hirasl  cancer 
ask  above  that  of  PDWA  or  AH  without  RS. 

keywords  Radial  sear  •  BreaM  scar 


Introduction 

Radial  soars  (RS)  arp  fv-nign  hr, -as)  lesions  n»  uncertain 
etiology  and  behavior  Although  named  as  such  In  1980 
|l|.  railuil  sears  were  previously  known  by  a  vaaety  of 
names,  including  sclerosing  papillary  proliferation,  non- 
encapsulated  sclerosing  lesion,  and  infiltraling  epnheliosLs. 
.As  these  namei  suggest,  radial  'cars  have  a  characteristic 
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low  power  stellate  architecture:  cys'lcally  dilated  glands 
encircle  the  periphery,  sometimes  referred  to  as  a  tlower 
head'  pattern.  The  mostly  acellular  core  is  comprised  of 
connective  tissue  and  clastm.  surrounded  by  radiating 
bands  ot  compressed  ducts  and  lobules  that  demonstrate 
dual  myoepithelial  and  epithelial  layers,  Proliferative  ept 
thelial  lesions  are  often  seen  within  adtal  scars  including 
sclerosing  adenosis,  hvpcrplasta.  and  papillomas  |2|. 

I'hc  grouth  pattern  in  RS  can  resemble  a  malignancy, 
Tbc  siellaie  architecture  is  difficult  to  distinguish  from 
invasive  carcinoma  on  mammogram,  prompting  biopsy  of 
these  lesions  [3  7 1.  On  histologic  examination,  ihc  dense 
stromal  fibrosis  of  RS  can  distort  epithelial  structures, 
mimicking  the  invasive  pattern  of  carcinoma  especially 
tubular  carcinoma. 

I  tic  literature  regarding  the  risk  of  developing  sub 
sequent  in  situ  or  invasive  breast  carcinoma  following  a 
biopsy  diagnosis  of  radial  scar  has  been  mixed.  Jacobs 
ct  ul.  examined  09  hrcusl  biopsies  with  HS  in  u  ease 

control  study  within  the  Nurses  Hcillh  Study  |8|.  Using 
non  proliferative  breast  disease  a-  the  reference  category, 
they  found  a  relative  risk  for  proliferative  disease  without 
atvpia  iPDWA)  and  RS  of  3.0,  and  a  risk  tor  PDWA 
alone  of  1 .3  195%  Cl.  1.7  5.5  and  l.l  2.1.  respectively!. 
I  his  risk  was  shown  to  increase  with  the  presence  of 
atvpia  and  RS  iRR  5.8  vs.  3.8  for  AH  alone:  95%  Cl. 
2.7-12.7.  aid  2.4  5.9.  respectively t.  In  both  categories. 
RS  acted  as  an  independent  ask  factor  for  laler  breast 
cancer  development,  either  in  situ  or  invasive  carcinoma 
Ibis  nsk  increased  proportionally  with  both  the  number 
and  sire  o;  radial  sears  present.  I'hc  relative  risk  for 
women  wit.i  PDWA  and  more  than  one  RS  increased  to 
4.3  (95%  Cl.  1.7  10.81.  and  for  women  with  AH  and 
more  than  «nc  RS.  the  relative  risk  increased  to  8.4  t95% 
Cl.  3.1  22.9).  For  size  detemnnaiion  ihc  study  examined 

lesions  using  a  cutoff  value  of  4.11  inm.  I'hc  relative  risk 
lor  women  with  PDWA  and  RS  laigcr  than  4.0  mm  in¬ 
creased  lo  3.5  1 95%  CL  1 . 7- 7.3).  anti  for  women  with  AH 
and  RS  larger  than  4.0  mm.  the  relative  risk  increased  to 
8.8  (95%  Cl.  3 5  22.0). 

Sanders  :-i  al.  examined  880  brersi  biopsies  with  RS. 
9.2%  ot  the  overall  Nashville  breast  Cohort  [9|.  They 
found  an  overall  risk  of  subsequent  invasive  breast  can¬ 
cer  associated  with  a  diagnosis  ot  RS  of  1.82  195%  Cl. 
1.2  2.7).  li  contrast  to  Jacobs  el  al..  the  Nashville 
investigators  did  nol  see  addrUve  risk  with  the  presence 
of  RS.  Specifically,  tor  biopsies  containing  PDWA  and 
RS.  the  risk  was  2.13  195%  Cl.  1.3  3.5).  while  the  risk 
of  PDWA  done  was  1.74  |95%  Cl.  12  2.5).  The  rela 
five  nsk  ot  biopsies  with  atvpia  and  RS  was  5.39  |95% 
CL  2.0  11.1)  vs.  4.38  |95'i  Cl,  22-7.7)  for  those  with 
atvpia  alone.  The  majority  of  biopsies  had  one  RS.  while 

O  7%  of  hi,  psi.-s  rnn  tn  i  nr  it  more  I  han  one  RS  I  his  sfu.lv 


tailed  lo  detect  any  sigmicanl  difference  In  terms  of  si/c 
•  >t  radial  scar  and  risk.  The  authors  attribute  live  nsk  of 
RS  to  the  presence  of  the  other  epithelial  proliferations 
presenl,  either  usual  type  epithelial  proliferative  dtsca.sc 
or  AH.  and  do  nol  ascribe  an  independent  risk  to  RS 
alone. 

I  lie  conflicting  literature  leaves  uncertatntv  over  the 
potential  ask  associated  with  a  diagnosis  of  radial  scar,  yet 
liic  increased  detection  o-  radial  scar  lesions  by  nmmmo- 
graphk  screening  makes  accurate  nsk  assessment  nnpor 
rani  for  clinical  decision  making.  In  this  study  we  sought  to 
clarify  the  significance  ot  radial  scar  lesions  using  tile 
Mayo  Benign  Breast  Disease  Cohort 

Methods 

Study  population 

Inclusion  and  exclusion  cuteria  for  the  study  cohort  have 
been  previously  described  ll()|.  Bnefly.  the  study  popula 
tion  included  all  women  18  85  years  of  age  who  had 
undergone  surgical  excision  of  a  benign  breast  lesion  at 
Mayo  Clime  Rochester  during  the  25-year  period  from 
January  I.  J96V  through  December  31.  1991.  He  study 
cohort  includes  9.37b  women  |l  1 1.  for  114  breast  biopsy 
samples,  the  presence  or  absence  of  radial  stars  could  not 
he  assessed  due  to  poor  slide  quallly.  T  hus,  the  finu  cohort 
for  this  snidv  was  9.262  women.  Breast -cancer  evens  were 
obtained  from  medical  records  and  questionnaires.  Earlier 
repoas  of  the  Mayo  Benign  Breast  Disease  Cohort  provide 
derailed  descriptions  of  the  characteristics  of  pahents  and 
pathological  specimens  |  0.  1 1 1. 

Histologic  exammanon 

For  women  who  trad  mare  than  one  hiop>v  during  tills 
period,  we  used  live  caTiest  biopsy  performed.  Stored 
femaloxylin  and  eostn  sained  sections  trom  each  panici 
panl  were  evaluated  hv  a  breast  pathologist  (DWV)  who 
was  unaware  of  the  mural  histologic  diagnoses  and  patient 
outcomes.  Biopsy  finding,  were  classified  according  lo  the 
criteria  of  Cage  ct  al.  into  the  following  categories;  non¬ 
proliferative  nhrocysnc  changes,  proliferative  tib.Dcysiic 
changes  without  atypio.  and  proliferative  lib'ocvslic 
changes  with  atvpia  (atypical  ductal  hyperplasia,  atypical 
lobular  hyperplasia,  or  hr.lhi  [  1 2 1.  Biopsy  spec  i  me  vs  were 
designated  as  having  proliferative  fibrocystic  changes  if 
titey  contained  any  of  the  following:  ductal  hyperplasia 
Igreatcr  lhan  nnldl.  papilloma  radial  scar,  or  sclerosing 
adenosis,  Cysts,  fibroadeieima.  or  columnar  cell  changes 
were  eoasidered  non  prcl iterative  unless  they  also  eon- 

l:nned  nrv  ot  (he  fcnsions  denoted  shove 
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Figs.  1,  2  Typical  overall 
stellate  RS  architecture;  central 
paucicctlular  fibroclaxtotic  cote 
surrounded  by  radiating 
etrmpressed  ductal  struemres. 
with  peripheral  accentuated 
cystic  spaces  (40x) 


Radial  scar  lesions  were  systematically  identified  upon 
initial  histopathologic  review  of  the  samples.  Radial  scars 
were  defined  as  containing  a  central  fibroelastotic  core 
surrounded  by  radiating  'arms'  of  compressed  duets  with 
two-cell  layers  and  variable  epithelial  hyperplasia,  and 
classified  as  proliferative  lesions  (Figs.  1-3)  Other  coex¬ 
isting  non-proliferative  (fibroadenoma,  cysts)  or  prolifera¬ 
tive  lesions  (single  or  multiple  papillomas,  sclerosing 
adenosis)  were  also  counted  if  they  appeared  anywhere 
within  the  same  biopsy.  If  AH  was  identified  within  the 
papilloma  or  in  the  surrounding  breast  parenchyma,  then 
the  case  was  classified  as  RS  w  ith  AH  (Fig.  4).  For  RS  with 
AH.  the  location  of  die  alypia  (inside  or  outside  the  RS 
lesion)  was  recorded.  Additional  features  of  size  and 
number  of  radial  scars  were  also  assessed.  In  cases  of 
multiple  RS  lesions,  the  largest  size  was  used  for  classifi¬ 
cation  purposes. 

Statistical  analysis 

Data  w'ere  descriptively  summarized  using  frequencies  and 
percents  for  categorical  variables  and  means  and  standard 


deviations  for  continuous  variables.  We  compared  pres¬ 
ence  of  radial  scars  acmss  levels  of  categorical  variables 
(including  age.  indication  for  biopsy,  mammogram  era. 
extent  of  involution,  etc.)  using  chi-square  tests  of  sig¬ 
nificance.  The  duration  of  follow-up  was  calculated  as  the 
number  of  days  from  biopsy  of  the  benign  lesicn  to  the 
dale  of  the  diagnosis  of  breast  cancer,  death,  or  the  last 
contact.  We  estimated  relative  risks  using  standardized 
incidence  ratios  (SIRs)  and  corresponding  95%  Cl. 
dividing  the  observed  numbers  of  incident  breast  cancers 
by  population-based  expected  counts.  We  calculated  these 
expected  counts  by  apportioning  each  woman's  follow-up 
into  5-year  age  and  calendar  period  categories,  thereby 
accounting  for  differences  associated  with  these  variables. 
We  used  the  Iowa  Surveillance,  Epidemiology,  and  End 
Results  (SEER)  registry  as  the  reference  population  be¬ 
cause  of  its  demographic  similarities  to  the  Mayo  Clinic 
population  (80%  of  cohort  members  reside  in  the  upper 
Midwest).  Over  95%  of  our  cohort  was  white,  equivalent 
to  that  reported  in  Iowa  census  data  during  the  study 
period  [13].  SIRs  were  calculated  both  overall  and  by 
subgroups  defined  by  histology  and  radial  scar  character- 


fig.  3  Entrapped  ducts  and  epithelial  hyperplasia  near  center  of  RS  Fig.  4  Atypical  ductal  hyperplasia  lADH)  arising  in  a  RS -containing 
lesion  ( 100x1  biopsy  ( lOOx) 
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lit  I  ill  l  Bread  cancer  rick  by  histology  and  radial  scare 


Diagnosis 

Number  of  eligible 
women  1  %) 

Number  with  subsequent 
breast  cancer  diagnosis 

Expected  number 
of  breast  cancers 

Relative  risk. 
(95%  CD* 

Benign  breast  disease  (overall) 

9,262 

721 

5213 

UK  (1. 28-  1.49) 

Non  proliferative 

6,244  (67.4%) 

400 

344.8 

1.16  il.05-l.28) 

Proliferative  disease  without 
alypia  iPDWA),  total 

2,693  (29.1%) 

258 

159,9 

1.61  1 1.42- 1.82) 

PDWA  without  RS 

2,314  (86%) 

215 

137.0 

137  (1.37  1 .79) 

PDW  A  with  RS 

379  1 14.1%) 

43 

22.9 

1.88  (1.36-233) 

Atypical  hyperplasiu  (AH),  total 

325  (33%) 

63 

16.8 

3.75  (2.88-4.80) 

AH  without  RS 

265  (813%) 

54 

13.6 

3.97  (2.99-5.19) 

AH  with  RS 

60(183%) 

9 

32 

2.81  (1.29-5.35) 

J  Relative  nskv  were  calculated  using  standardized  incidence  ratios,  companng  tile  observed  number  of  breast  cancer  events  to  those  expected 
based  on  Iowa  SEER  rates.  Expected  events  account  lor  the  effects  of  age  and  calendia  periial. 


tslics.  We  assessed  potential  heterogeneity  in  SIRs  across 
subgroups  using  Poisson  regression  analysis,  with  the  log- 
transformed  expected  event  rale  for  each  individual 
modeled  as  the  offset  term.  Statistical  lesls  were  two-sided 
and  analyses  were  conducted  with  the  use  of  SAS  (SAS) 
software. 


Results 

Pathologic  features 

Of  tile  9,262  women  in  the  Mayo  Benign  Breast  Disease 
Cohort,  the  benign  lesions  were  classified  as  non-prolifer  - 
alive  disease  (NP)  in  6.244  (67.4  %  I.  proliferative  disease 
without  alypia  (PDW'Al  in  2.693  (29.1%).  and  atypical 
hyperplasia  (AH)  in  325  (3.5%)  (Table  I).  Radial  sears 
were  identified  in  439  biopsies  (4.7%).  In  these  439  biop¬ 


sies.  382  (87.0% |  contained  one  radial  sear  lesion,  while  57 
(13.0%)  contained  two  or  more  radial  sear  lesions. 

Of  the  2,693  women  with  PDWA,  379  (14.1%)  had  at 
least  one  RS  lesion;  46  ( 1.7%  I  had  two  or  more  radial  scar 
lesions  present.  Of  the  325  women  with  AH,  60  (18.5%) 
had  at  least  one  RS  lesion;  1 1  of  these  (3.4%)  had  two  or 
more  radial  sear  lesions  present. 

Size  of  largest  radial  sear  was  available  for  432  of  the 
439  samples.  The  remaining  seven  could  not  be  accurately 
measured  due  to  slide  quality.  The  majority  of  RS,  356 
(82.4%),  were  less  than  5.0  mm  in  diameter.  60  (13.9%) 
were  5.0-9.9  mm.  and  16  (3.7%)  measured  greater  than 
10.0  mm  (Table  2). 

RS  was  found  concurrently  with  a  variety  of  other 
proliferative  lesions.  These  included  sclerosing  adenosis  in 
a  majority  of  eases  (362/439.  82.5%  ).  followed  in  fre¬ 
quency  by  a  single  papilloma  (77/439.  17.5%),  and  mul¬ 
tiple  papillomas  3.9%  (17/439).  In  63  eases  of  RS.  the 


fable  2  Breast  cancer  risk 

among  women  with  radial 

sears,  by  age  and  RS  features 

Feature 

Number 

Number  with  subsequent 
breast  cancer  diagnosis 

Expected  number 
of  breast  cancers 

Relative  nsk 
(95%  Cl)3 

Overall  radial  scars 

439 

52 

26.1 

1.99  11.99-3.611 

Number  of  radial  sears 

l 

382 

45 

228 

1.97  ( 1.44-2.64) 

2  it  more 

57 

7 

3.3 

2.12  1(1.85-4.351 

Size  of  largest  searb 

<5.0  mm 

356 

40 

21.7 

1.84  1 1.32-2.51) 

>5.0  rum 

76 

9 

4.0 

2.26  (1.03—4.311) 

Age  at  biopsy 

<50 

156 

17 

8.3 

2.05  it.  19-3.281 

>50 

283 

35 

17.8 

1.97  1 1.37-2.731 

J  Relative  nek-,  were  calculated  mine  standardized  incidence  nil  ins.  comparing  Ihe  observed  number  of  breast  cancer  events  to  those  expected 
based  on  Iowa  SEER  rates.  Expected  events  account  for  the  eltccls  ol  age  and  calendar  penod 
h  Size  of  largest  scar  could  not  be  determined  lot  seven  of  the  439  women  with  radial  scars 
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I  able  3  Association  ul  radial  scats  with  clinical  and  histologic  variable* 


Characteristic 

Non- proliferative 
disease 

Phil  iterative  disease 
without  RS 

Proliferative  disease 
with  RS 

P  value* 

Overall 

6.244  (67.4%) 

2.579  (27.8%) 

439  (48%) 

Age  al  biopsy 

<45 

2.31X1  (76.5%) 

627  120.9%  1 

78  (2j)%l 

<0.18)1 

45-55 

1.657  (62.7%) 

832  (31.5%) 

152  (5.8%) 

>55 

2.287  (63.3%) 

1.120  (3t.0%) 

209  |5.7%> 

Indication  for  biopsy 

Muss 

3,030  (71.1%) 

1,083  (25.4%) 

151  (3.5%) 

<0.001 

Mammographic 

1.410  (51.5%) 

826  134.3%) 

174  (7.2%) 

Unknown 

1.801  (69. 79b ) 

670  (25.9%  l 

in 

Time  period 

Pie- mammography  ( 1  967-198 1 ) 

3.219  (72.7%) 

1,064  (240%) 

146(3.3%) 

<0.18)1 

Ptjst-mammography  (1982-  1991) 

3.025  (62.6%) 

1.515  1 3 1.4%) 

293  (6.0%) 

Involution 

None 

1,209  (75.6%) 

335  (  20.9%) 

56  (33%) 

<0,001 

Partial  (1-74%  TDLL7 

2.969  (57.9*3-) 

1.804  i35.2%i 

353  (69%) 

Complete  i75-f  °r  TDLl  > 

1.558  (81.7%) 

324  |17.0%I 

26  (U%> 

Values  presented  as  number  (percent ) 

*ehi- square  test  of  significance 

additional  pathology  was  solely  non  proliferative  lesions 
(fibroadenoma,  cysts,  or  bolh). 

Factors  associated  with  radial  scar 

We  examined  the  effect  of  age  at  biopsy  on  the  likelihood 
of  a  RS  diagnosis,  dividing  the  cohort  into  those  less  Ilian 
45,  between  45  and  55,  and  those  over  55.  As  shown  in 
Table  3,  women  younger  than  45  were  less  likely  to  have 
radial  scars  (2.6%)  than  those  age  45-55  (5.8%),  or  greater 
than  55  (5.7%). 

Data  regarding  the  indication  for  biopsy,  either  a  mass 
or  mammographic  abnormality,  were  available  for  71.8% 
of  the  total  cohort.  Of  the  439  cases  containing  RS.  151 
women  134%  I  had  a  palpable  lesion,  and  174  (40%)  had  an 
abnormal  mammogram.  For  1 14  (26%),  the  reason  for  the 
biopsy  is  unknown.  For  the  2.579  women  with  proliferative 
disease  but  no  RS.  1,083  (42%)  had  a  palpable  lesion,  and 
826  (37%  )  had  an  abnormal  mammogram  The  remaining 
670  (26%)  bad  no  known  indication  (proportions  of  pal¬ 
pable  versus  mammographic  indications  differ  in  the  RS 
versus  no  RS  groups — see  Table  3). 

Mammographic  screening  is  thought  to  have  increased 
the  detection  of  RS.  Incidence  rales  of  RS  for  the  pre-  and 
posl-mammogruphic  era  were  examined  using  the  year 
1981  as  the  division  point  between  the  two  eras.  Women 
wltlt  biopsies  during  the  post-mammography  era  were  more 
likely  to  have  radial  scars  than  those  biopsied  during  the 
pre- mammography  era  (6.0%  vs.  3.3%)  (Table  3). 


Atrophy,  or  llie  degree  of  lobular  involution,  was  pre¬ 
viously  found  to  be  a  risk  factor  in  our  benign  breast  dis¬ 
ease  (BBD)  cohort  |11).  This  was  classified  in  the 
background  breast  parenchyma  as  none  (0% ).  partial  ( 1- 
74%).  or  complete  (>75%  I  involution.  Women  with  com¬ 
plete  involution  were  less  likely  to  have  radial  scars  ( 1.3%) 
than  those  with  no  involution  (3.5% )  or  partial  involution 
(6.9%)  (Table  3). 

To  address  whether  or  not  atvpia  is  more  frequently 
found  in  association  with  RS  than  with  other  forms  of 
proliferative  disease,  we  compared  the  pniporlton  of  AH 
with  RS  to  that  of  AH  with  al  other  proliferative  disease. 
Atvpia  was  found  al  slightly  higher  rates  in  biopsies  with 
radial  scar  (60/439,  13.7%),  than  in  biopsies  with  tidier 
forms  of  proliferative  breast  disease  without  RS.  such  as 
ductal  hyperplasia,  papilloma  or  sclerosing  udenusis  (265/ 
2579,  10.3%  i.  Regarding  the  type  of  atvpia  arising  in  the 
setting  of  RS.  25  (41.7%)  contained  only  atypical  ductal 
hyperplasia  (Af)Ht  31  ( s I  7%)  with  only  atypical  lobular 
hyperplasia  ( ALH),  and  4  (6.6%  I  with  bolh.  Of  the  60  cases 
with  any  type  of  atypia,  die  atvpia  was  present  inside  the 
RS  in  17  (28.3%).  outside  the  RS  lesion  in  27  (45.0% I,  and 
present  both  inside  and  outside  the  RS  in  16  (26.7%  I. 

Breast  cancer  risk 

The  overall  cohort  of  women  with  benign  breast  disease 
was  at  an  increased  risk  of  breast  cancer  development 
(RR  =  1.38.  95%  Cl,  1.28-1.49)  compared  to  die  general 
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population.  Out  of  the  9,262  women  in  this  cohort  evalu¬ 
ating  radial  scar.  721  developed  subsequent  breast  cancer 
(Table  I ).  The  breast  cancer  risk  in  women  with  radial 
scars  associated  with  PDWA  was  1.88  (95%  CL  1.36- 
7  S3 (,  compared  to  a  relative  risk  of  I  S7  (95%  CT  I  17 - 
1 .79)  for  women  with  PDWA  without  radial  scar  (Table  1 ). 
This  difference  is  not  statistically  signilicant  (test  for  het¬ 
erogeneity.  P  ~  0.29).  Similarly,  for  women  Willi  AH.  the 
presence  of  radial  scar  lesions  did  not  significantly  modify 
breast  cancer  risk:  RR  =  2.81  for  AH  with  RS  (95%  Cl. 
1.29-5.35)  vs.  3.97  for  AH  without  RS  (95%  CL  2.99- 
5.19.  test  for  heterogeneity.  P  =  0.33).  RS  size  and  number 
information  were  also  examined.  Women  with  one  radial 
scar  had  a  relative  risk  of  1.97  (95%  Cl.  1.44-2.64)  com¬ 
pared  to  2.12  (95%’  CL  0.85—4.35)  for  those  with  two  or 
more  radial  scars  (lest  for  heterogeneity,  P  =  0.86)  (Ta¬ 
ble  2).  The  size  of  radial  scar  lesions  also  did  not  modify 
the  risk  for  subsequent  breast  cancer,  with  RR  1.84  for 
lesions  less  than  5.0  mm  (95%  Cl,  1.32-1.51 )  vs.  2.26  for 
lesions  larger  than  5.0  mm  (95%  Cl,  1.03— 4.30),  P  —  0.38). 
Age  at  biopsy  with  RS  did  not  modify  the  risk  for  devel¬ 
opment  of  subsequent  breasi  cancer,  with  RR  1.97  for 
women  older  than  50  years  (95%  CI.  1.37-2.731  vs.  2.05 
for  women  younger  than  50  years  (95%  CL  1.19-3.28, 
p  =  0.89). 


Discussion 

Radial  scars  are  a  distinctive  form  of  benign,  proliferative 
breast  disease  for  which  there  are  conflicting  data  regarding 
the  subsequent  risk  of  breast  cancer.  Our  main  finding  is 
that  RS  does  not  confer  increased  risk  over  that  of  other 


proliferative  lesions,  with  or  without  atypia.  Moreover, 
increasing  size  and  number  of  RS  were  not  found  to 
influence  the  risk.  Although  W'e  demonstrated  a  slightly 
increased  association  between  RS  and  AH.  the  atypia  arose 
more  frequently  Within  the  background  breasi  parenchyma 
and  not  within  the  RS  itself.  Overall,  these  data  argue 
against  a  direct  prcmalignunt  role  for  RS  over  and  above 
that  of  other  forms  of  proliferative  disease. 

Our  findings  support  the  study  of  Sanders  el  al.  report¬ 
ing  on  880  RS  in  women  from  the  Nashville  Breast  Cohort 
from  1950  to  1986  (Table  4)  Their  average  follow  up  was 
20.4  years.  Because  the  Nashville  group  did  not  define  RS 
as  a  proliferative  lesion.  73  biopsies  containing  non-pro- 
liferalive  changes  also  contained  a  RS.  In  the  Nashville 
study,  the  risk  associated  with  PDWA  containing  RS  was 
2  13  (95%  CL  1. 3-3.5)  (see  Table  4).  This  study  attributed 
the  increased  risk  associated  with  RS  to  the  coexistent 
PDWA,  present  in  the  majority  (79.2%)  of  RS.  This  group 
detected  a  modest  increase  in  risk  for  those  women  over 
49  years  of  age  [9|.  In  our  study  wc  saw  no  effect  on 
subsequent  cancer  risk  with  increasing  age  at  biopsy  in 
women  with  RS.  However,  we  did  detect  an  increase  in  the 
incidence  or  RS  with  age. 

In  contrast  to  the  two  cohort  studies  from  Nashville  and 
Mayo,  the  study  by  Jacobs  el  al.  found  RS  to  be  an  inde¬ 
pendent  risk  factor  for  breast  cancer  (Table  4).  This  case- 
control  study  identified  99  RS  in  women  from  the  Nurses' 
Health  Study  from  1976  to  1992  with  an  average  follow  up 
of  12  years.  The  relative  risk  attributed  to  RS  was  3.0  (95% 
Cl.  1  7-5.5)  compared  to  1.5  Tor  PDWA  alone  (95%  Cl. 
1. 1-2.1).  A  similar  increase  was  also  detected  for  AH 
containing  RS  (RR  =  5.8;  95%  CL  2.7—12.7 1  compared  AH 
alone  (RR  =  3.8:  95%  CI.  2.4-59).  Additionally,  an 


1  a l>k  4  Comparison  of  studies  of  risk  associated  with  tadia)  sear 


Lesion  Mayo  Benign  Breast  Disease  Cohort  Nashville  Breasi  Cohort  Nurses*  Health  Study 


Total  cohort 

9262 

9.556 

1.396  (cases  -eontrols) 

Number  ol  women  with  RS 

439 

880 

99 

PDWA.  tola)  riri 

2.693 

3.4(4 

699 

PDWA.  no  RS  (n) 

2,314 

2.7IT7 

631 

PDWA.  no  RS  iRRi 

1.57*  l9S9t  CI.  1.37-1.79) 

1.74**  (95%  Cl.  1.2-2.51 

1.5***  (95%  CL  1. 1-2.1) 

PDWA  wilh  RS  in) 

379 

697 

68 

PDWA  with  RS  (RR) 

1.88*  195%  Cl.  1.36-2.53) 

2.13**  (95<7f  CI.  1, 3-3.5) 

3.0***  (95*  CL  1. 7-5.5) 

AH.  total  in) 

325 

365 

179 

AH,  no  RS  (/?) 

265 

255 

171 

AH.  no  RS  (RR) 

3.97*  |95%CL  2.99-  5.19) 

4.38**  (95%  Cl.  23-7.7) 

3.8***  195%  CL  2.4-5.91 

AH  with  RS  i/j) 

60 

110 

31 

AH  wilh  RS  iRR? 

2.81*  (95%  a.  1 .29-5.33) 

5.39**  (93‘*  CI.  2.6  II) 

H.K++*  (95%  Cl>  2.7-12.7) 

*Rcfcreucc  group  f<»  Mayo  Benign  Breasi  Disease  Cohort  -  Iowa  SEER  registry 

^Reference  group  for  Nashville  study  -  women  in  their  eohorl  wilh  non  piulifcralive  disease  and  no  radial  sear 
■<f*Relcrenee  gruup  for  Nurses  Health  Study  -  women  in  their  eohorl  wilh  non  proliferative  disease 
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increase  in  RS  si/e  and  number  u ih  also  found  lo  elevate 
Ole  risk  of  subsequent  eunecr  [8]. 

These  differences  may  be  explained,  at  least  in  part,  by 
the  different  study  designs:  Jacobs  el  al.  used  a  nested 
case-control  design  with  four  controls  selected  for  each 
breast  cancer  diagnosis.  The  current  Mayo  study  and  the 
Nashville  study  are  retrospective  cohort  studies.  There 
were  99  biopsies  with  RS  in  the  Nurses'  Health  Study 
compared  to  439  (Mayol  and  880  (Nashville »  RS  lesions. 
Selection  criteria  Tor  study  participation  may  also  differ 
between  these  huge  studies.  As  our  data  span  the  pre-  and 
posl-mamriographic  era.  both  types  of  presentations  are 
represented.  We  demonstrate  an  increase  in  RS  since 
mainmographic  screening  began. 

Earlier  studies  had  classified  RS  as  a  benign  sclerosing 
lesion  lacking  premal ignant  potential  (14-171.  hi  a  random 
examination  of  both  benign  breast  tissue  (h=34i  and 
cancerous  tissue  In  =  34l.  Andersen  et  al.  attributed  the 
presence  or  absence  of  RS  more  to  the  volume  of  tissue 
examined  than  to  tiny  association  with  carcinoma  [15].  In 
randomized  autopsy  studies,  Nielsen  et  al.  found  no  dif¬ 
ference  between  cancer-containing  and  noncancerous 
breasts  in  terms  of  presence  or  absence  or  RS  [17],  A 
follow-up  study  by  Nielsen  et  al.  found  an  increased 
number  of  RS  in  the  contralateral  breast  of  w  omen  with 
breast  carcinoma;  however,  no  increased  incidence  of 
contralateral  breast  carcinoma  was  detected  (16], 

There  are  several  reports  of  carcinoma  arising  within  a 
RS  [18-22].  These  reports  include  in  situ  carcinomas, 
infiltrating  ductal  and  lobular  carcinoma  1 19.  21 1.  as  well  as 
me  lap]  us  Uc  carcinoma;.,  including  udenur-quumou;;  curci 
noma  [2<)(  and  spindle  cell  metaplasia  tumors  |I8|.  Our 
data  do  no:  support  a  unique  relationship  between  RS  and 
carcinoma:  however,  because  we  excluded  biopsies  con¬ 
taining  carcinoma  we  cannot  directly  comment  on  such 
Isolated  case  report  findings  as  these.  Since  most  consider 
atypical  hyperplasia  lo  represent  a  direct  precursor  of  car¬ 
cinoma,  one  would  expect  an  increased  association  be¬ 
tween  RS  and  AH  if  RS  w  as  either  a  preeursoror  promoter 
of  neopl  astic  change.  While  our  study  did  find  a  slight 
increased  association  with  AH  and  RS-conlaining  biopsies, 
the  AH  did  not  preferentially  arise  within  RS  itself.  This 
lack  of  contiguity  with  RS  and  atypia  w  ould  argue  against 
RS  as  a  direct  precursor  of  subsequent  carcinoma. 

The  etiology  of  RS  lesions  remains  unclear.  Because  of 
their  scar-like  appearance,  they  are  hypothesized  lo  repre¬ 
sent  a  healing  process  in  breast  tissue,  with  the  central 
relatively  acellular  core  representing  a  later  phase  of 
development  (15.  23],  Molecular  evidence  to  characterize 
the  behavior  and  biologic  potential  of  RS  has  found  similar 
patterns  in  both  RS  and  invasive  carcinoma  for  rnRNA 
expression  of  factors  involved  in  formation  of  vascularized 
suoma  [24|.  Iqbal  cl  al.  delected  subtle  differences  in 


estrogen  receptor  and  Ki67  expression  between  RS  lesions 
containing  epithelial  hyperplasia  and  areas  of  epithelial 
hyperplasia  outside  of  the  RS  lesion,  with  the  RS  con¬ 
taining  fiscal  clonal  areas  and  slightly  diminished  estrogen 
receptor  expression  [25],  While  these  findings  may  suggest 
that  breast  tissue  containing  RS  is  somehow  permissive  of 
proliferation  leading  to  development  of  carcinoma,  clinical 
studies,  including  ours,  have  failed  to  demonstrate  a  link 
with  carcinoma  |9.  12.  15-17.  26|. 

In  summary,  with  increased  use  of  mammographic 
screening.  RS  has  emerged  as  an  important,  radiographic 
mimic  of  breast  cancer.  Determining  (he  accurate  predic¬ 
tive  value  of  RS  diagnosis  on  breast  biopsy  has  thus  be¬ 
come  increasingly  important.  Our  data  show  that  RS  does 
not  confer  increased  risk  over  that  of  other  proliferative 
lesions,  with  or  without  alvpia.  In  our  large  cohort  study, 
RS  emerges  as  an  interesting  histopathologic  entity,  with 
its  greatest  clinical  significance  being  the  degree  to  w  hich 
it  generates  worrisome  mammography  findings. 
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Association  Between  Cyclooxygenase-2  Expression 
in  Atypical  Hyperplasia  and  Risk  of  Breast  Cancer 

Daniel  W.  Visscher,  V.  Shane  Pankratz.  Marta  Santisteban,  Carol  Reynolds,  An  Ristimaki. 

Robert  A.  Vierkant,  Wilma  L  Lingle,  Marlene  H  Frost,  Lynn  C.  Hartmann 


Background  The  cyclooxygenase-2  {COX-2)  enzyme,  which  is  induced  by  inflammatory  and  mitogenic  stimuli,  plays  a 
protumohgenic  role  in  several  human  cancers.  COX-2  Is  overexpressed  in  invasive  and  in  situ  breast 
cancers.  Atypical  hyperplasia  in  breast  tissue,  although  benign,  is  associated  with  a  high  risk  of  breast 
cancer.  We  investigated  whether  COX-2  overexpression  in  atypical  hyperplasia  is  associated  with  the  risk 
of  subsequent  breast  cancer. 

Methods  COX-2  expression  was  assessed  immunohistochemfcally  in  archival  sections  from  235  women  with  atypia 
whose  biopsy  specimens  were  obtained  at  the  Mayo  Clinic  from  January  1,  1967,  through  December  31, 
1991.  COX-2  expression  was  scored  as  0  {negative),  1+  (weak),  2+  (moderate),  or  3+  (strong).  Risk  factor 
information  and  follow-up  for  breast  cancer  events  were  obtained  via  a  study  questionnaire  and  the  medi¬ 
cal  records  All  statistical  tests  were  two-sided 


Results  Forty-one  (17%)  of  the  235  women  developed  breast  cancer  during  a  median  follow-up  of  15  years. 

Moderate  (category  24-)  or  strong  (category  3+)  COX-2  expression  was  identified  in  71  (30%)  and  34  (14%) 
of  the  235  samples,  respectively.  The  risk  for  developing  breast  cancer,  relative  to  a  control  population 
(the  Iowa  Surveillance,  Epidemiology,  and  End  Results  registry),  increased  with  increasing  COX-2  expres¬ 
sion  (relat  ve  risk  [RR]  =  2.63,  95%  confidence  interval  [Cl]  =  1.56  to  4.15,  for  those  with  negative  or  weak 
COX-2  expression;  RR  =  3.56,  95%  Cl  =  1.94  to  5.97,  for  those  with  moderate  expression;  and  RR  =  5.66, 
95%  Cl  =  2.59  to  10.75,  for  those  with  strong  expression;  P  ~  .07).  Overexpression  of  COX-2  was  statisti¬ 
cally  significantly  associated  with  the  type  of  atypia  (lobular  vs  ductal,  P<  .001),  number  of  foci  of  atypia 
in  the  biopsy  (P  =  .02),  and  older  age  at  time  of  biopsy  (>45  years,  P  =  .01). 

Conclusions  COX-2  appears  to  be  a  biomarker  that  further  stratifies  breast  cancer  risk  among  women  with  atypi3  and 
may  be  a  elevant  target  for  chemoprevention  strategies. 

J  Natl  Cancer  Inst  2008;100:421-427 


Women  with  atypical  hyperplasia  are  at  high  risk  for  the  develop¬ 
ment  of  breast  cancer,  with  a  cumulative  incidence  approaching 
25%  at  20  years  after  biopsy  examination  (1,2).  Clinical  practice 
would  benefit  from  the  identification  of  additional  predictive  fea¬ 
tures  for  women  with  atypia  that  will  enable  better  risk  stratification 
for  these  women  and  from  the  identification  of  functional  biologic 
targets  that  could  be  modified  by  chemoprevention  strategies. 

Cyclooxygenase  (COX)  enzymes  catalyze  the  synthesis  of  bioac¬ 
tive  prostaglandins  from  arachidonic  acid,  which  is  derived  from 
membrane  phospholipids  (3).  Cydooxygenase-2  (COX-2),  induced 
in  response  to  various  inflammatory  and  mitogenic  stimuli,  has  been 
shown  to  play  a  protumori genic  role  in  preclinical  models  of  several 
tumor  systems  (4-6).  Moreover,  it  is  overexpressed  in  several  human 
cancers  and  their  precancerous  lesions  (7).  Ristimaki  et  al.  (8)  ana¬ 
lyzed  COX-2  expression  by  unm imo  histochemistry  in  1576  invasive 
breast  cancer  specimens  and  found  moderate  to  strong  expression  in 
37%  of  the  cancers  In  ductal  carcinoma  in  situ,  the  frequency'  of 
COX-2  overexpi  ession  appears  to  be  even  higher  (V*  10).  Many 
groups  have  shown  an  association  between  COX-2  expression  and 
an  aggressive  phenotype  in  in  situ  and  invasive  breast  cancer  (8-15). 


In  annual  models,  COX  inhibitor  suppress  experimental  breast 
cancers  (6,7),  and  several  epidemiologic  studies  in  humans  have 
shown  that  nonsteroidal  anti-inflammatory  drug  (NSAID)  use  is 
associated  with  a  reduced  incidence  of  breast  cancer  (3,16,17). 
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CONTEXT  AND  CAVEATS 

Prior  knowledge 

Cyclooxygenase-2  (COX-2)  plays  a  protumorigenic  role  in  several 
human  cancers  and  is  overexpressed  in  invasive  and  in  situ  breast 
cancers.  Atypical  hyperplasia  in  breast  tissue,  although  benign,  is 
associated  with  a  high  risk  of  breast  cancer. 

Study  design 

The  relationship  between  the  risk  of  breast  cancer  3nd  COX-2 
expression  in  archival  specimens  from  women  with  atypical  hyper¬ 
plasia  and  a  15-year  follow-up  was  assessed. 

Contribution 

The  risk  for  developing  breast  cancer,  relative  to  a  control  popula¬ 
tion  (the  Iowa  Surveillance,  Epidemiology,  and  End  Results  regis¬ 
try),  increased  with  ircreasing  COX-2  expression,  in  a  borderline 
statistically  significant  manner.  Overexpression  of  COX-2  was  sta¬ 
tistically  significantly  associated  with  the  type  of  atypia  (lobular  vs 
ductal),  with  number  of  foci  of  atypia  in  the  biopsy,  and  with  older 
age  at  time  of  biopsy  1^45  years). 

Implications 

COX-2  may  be  a  biomarker  that  further  stratifies  breast  cancer  risk 
among  women  with  atypia  and  may  be  a  relevant  target  for  chemo- 
prevention  strategies. 

Limitations 

Tissue-based  biom3rker  studies,  such  as  this  study,  are  limited 
by  semiquantitative  and  subjective  evaluation  of  COX-2 
status,  which  is  further  complicated  by  the  variable  nature  of 
immuno  reactivity. 


Because  of  the  relevance  of  COX-2  to  breast  cancer  biology, 
including  its  presence  in  p  re  invasive  lesions,  we  hypothesized  that 
COX-2  expression  is  increased  in  atypia  and  that  overexpression  is  a 
risk  factor  for  the  progression  of  breast  cancer.  Accordingly,  we 
studied  COX-2  expression  in  a  cohort  of  women  with  atypical  hyper¬ 
plasia  for  whom  we  have  long-term  cancer  follow-up  information. 

Participants  and  Methods 

Study  Population 

Entry  cntena  for  the  study  cohort  have  been  described  previously 
(1,2).  Briefly,  this  sracy  included  all  women  aged  1 8— 85  years  who 
had  a  benign  breast  biopsy  that  was  surgically  excised  at  the  Mayo 
Clinic  from  January7  l,  1967.  through  December  31,  1 991.  The  ini¬ 
tial  cohort  included  9087  women  (1).  With  additional  follow-up, 
data  for  9376  women  were  available  for  this  analysis,  331  (3.5%)  of 
whom  had  atypical  hyperplasia  (2).  Archival  paraffin-embedded, 
fonnalm-lixed  tissue  for  COX-2  staining  was  available  for  235  of 
the  331  women. 

Risk  Factor  Information  and  Follow-up 

Follow-up  for  breast  cancer  events  and  risk  factor  information  were 
obtained  for  all  235  women  with  atypia  through  A  Inyo  medical 
records  and  a  study  questionnaire  (1,2).  Fanuly  history  was  col¬ 
lected  via  respondent  questionnaires  and  medical  record  abstrac¬ 
tion  and  classified  as  negative,  strong,  or  weak  Criteria  for  a  strong 
family  history  were  at  least  one  first-degree  relative  with  breast 
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cancel  diagnosed  before  the  age  of  50  years  or  two  or  more  relatives 
with  breast  cancer,  with  at  least  one  beiug  a  first-degree  relative. 
.Any  lesser  degree  of  family  history  was  considered  to  be  weak. 

All  protocol  procedures  and  patient  contact  materials  were 
reviewed  and  approved  by  the  Institutional  Review  Board  of 
the  Alayo  Clime.  Return  and  completion  of  the  patient  contact 
material*  were  considered  to  be  implied  consent. 

Histology 

.All  archival  hematoxylin-  and  eosin-stamed  sections  were  evaluated 
by  the  study  breast  pathologist  (D\W),  without  knowledge  of  the 
original  histologic  diagnosis  or  patient  outcome.  A  diagnosis  of 
atypical  ductal  hyperplasia  or  atypical  lobular  hyperplasia  was  based 
on  the  criteria  of  Page  et  al.  (18)  and  Page  and  Rogers  (19).  For 
each  example  of  aty  pical  hyperplasia,  the  number  of  separate  foci 
was  defined  (2).  Multifocal  atypia  requued  the  identification  of 
atypia  m  more  than  one  terminal  duct  lobula-  unit,  as  defined  by 
clear  separation  from  another  terminal  duct  lobular  unit  by  nonspe- 
cialized  interlobular  mammary  stroma. 

Immunostaining 

Five-micrometer  sections  of  formalin-fixed,  paraffin-embedded 
samples  were  deparaffimzed  with  three  changes  of  xylene,  rehy¬ 
drated  in  an  ethanol  series  (KH>%,  95%,  and  70%  ethanol),  and 
mised  wrell  in  running  distilled  water  Slides  were  then  placed  in 
preheated  epitope  retrieval  buffer  (l  mAl  F.DTA,  pH  8.0)  for  30 
minutes,  cooled  in  the  buffer  for  5  minutes,  and  rinsed  for  5  min¬ 
utes  m  running  distilled  water.  An  automated  slide  stainer  (AS  100 
Autostainer  Plus.  D.AKO,  Carpintena,  CA)  was  used  for  all  slides  at 
room  temperature  as  follows.  Sections  were  first  incubated 
in  a  solution  of  3%  H:0,  in  ethanol  for  5  mmutes  to  inactivate 
endogenous  peroxides  and  then  incu bated  in  primary  mouse  ann- 
human  COX-2,  Clone  CX-294,  monoclonal  antibody  (1:100 
dilution;  M3617,  D.AKO)  for  30  mmutes.  Sections  wer  e  rinsed  with 
TBST  lOx  wash  buffer  (S3006,  tris-buffered  szline  with  Tween  20, 
D.AKO).  Sections  were  then  incubated  with  a  peroxidase-labeled 
pnlyrnei  conjugated  to  goat  anti-mouse,  anti-rabbit  immunoglobu¬ 
lins  (LnVision+  Dual  Link  System-HRP,  K.406L  D.AKO)  lor 
15  minutes.  The  slides  were  rinsed  with  TBST  wash  buffer,  incu¬ 
bated  in  Nova  Red  (Vector  Laboratories,  Burlingame,  CA)  for 
5  minutes,  and  couiitersrained  with  modified  Schmidts’  hematoxy¬ 
lin  for  5  minutes  and  rinsed  for  3  minutes  in  tap  water  to  set  the 
hematoxylin  counterstain.  Specimens  were  dehydrated  through  a 
graded  ethanol  series  (70%,  95%,  and  100%  ethanol),  cleared  in 
three  changes  of  xylene,  and  mounted  with  a  permanent  mounting 
medium.  The  positive  control  was  colon  cancer  tissue,  the  negative 
control  was  normal  colonic  epithelial  tissue.  .All  samples  were 
stained  simultaneously  over  a  2-dav  period. 

Evaluation  of  COX-2  Immunostaining 

COX-2  immunostaining  was  analyzed  by  the  study  breast  patholo¬ 
gist  (DMA"),  who  had  no  knowledge  of  patient  outcome  The  fol¬ 
lowing  criteria  were  established  before  the  reading  ul'  the  samples 
(by  AR  and  DYVA^)  (8):  0  =  no  staining;  1+  =  weak,  barely  percepti¬ 
ble  staining  in  a  patchy  cytoplasmic  pattern,  2+  =  moderate  inten¬ 
sity  staining,  usually  cytoplasmic,  with  focal  plasma  membrane 
distnbution;  3+  =  strong  immunoreactmty  with  distinct  plasma 
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Figure  1.  Cyclooxygenase-2  staining  patterns 
in  3typia.  Representative  breast  atypia  sam¬ 
ples  are  shown.  Other  samples  with  corre¬ 
sponding  scores  were  similar,  a)  Category  0 
(no)  staining,  b)  Category  1+  staining,  c) 
Category  2+  staining.  d>  Category  3+  stain¬ 
ing.  Original  magnification  was  x200.  Scale 
bar  =  2.0  mm. 


membrane  accentuation  (Figure  l).  Because  of  the  small  number  of 
breast  cancer  events  in  samples  with  0  straining,  categories  0  and  1+ 
were  combined  for  all  anaJyses. 

Statistical  Analyses 

Data  were  summarized  descriptively  by  use  of  frequencies  and  per¬ 
centages  for  categorical  variables  and  medians  and  interquartile 
ranges  (IQRs)  for  continuous  variables.  We  compared  distributions 
of  demographic  and  clinical  attributes  from  patients  with  and  with¬ 
out  available  formalin-fixed  tissue  (for  all  33  l  women  with  atypia) 
and  across  ah  levels  of  staining  intensity  (for  the  235  women  with 
COX -2  immunosraining  results)  by  use  of  x2  tests. 

The  length  of  follow-up  for  each  woman  in  die  study  was  calcu¬ 
lated  as  the  number  of  days  from  her  benign  biopsy  to  the  date  of  her 
breast  cancer  diagnosis,  death,  or  last  contact.  We  estimated  relative 
risks  (RRs)  on  the  basis  of  standardized  incidence  ratios,  by  dividing 
the  observed  numbers  of  incident  breast  cancers  by  population- 
based  expected  values.  This  approach  allowed  us  to  compare  rates  of 
breast  cancer  in  our  cohort  with  that  of  the  general  population  rather 
than  an  internal  referent  group,  recognizing  that  all  women  in  our 
cohort  were  at  some  increased  risk  of  breast  cancer  from  their  diag¬ 
nosis  of  atypical  hyperplasia.  Expected  values  were  calculated  by 
apportioning  each  woman’s  person-years  of  follow-up  into  5-vear 
age  and  calendar-penod  categories  and  multiplying  diese  by  the  cor¬ 
responding  breast  cancer  incidence  rates  from  the  Iowa  Surveillance, 
Epidemiology,  and  End  Results  registry  (1).  This  reference  popula¬ 
tion  was  chosen  because  of  its  demographic  similarities  to  the  Mayo 
Clinic  population  (80%  of  cohort  members  reside  in  the  upper 
Midwest).  Potential  heterogeneity  in  standardized  incidence  ratios 
across  levels  of  COX-2  staining  was  assessed  by  use  of  Poisson 
regression  analysis,  with  the  log-transformed  expected  event  rate  for 
each  individual  modeled  as  the  offset  term.  We  displayed  observed 


event  rates  by  use  of  cumulative  incidence  curves,  accounting  for  the 
effects  of  death  as  a  competing  risk  (20).  We  assessed  whether  COX- 
2  staining  intensity  was  associated  in  a  dose-response  manner  with 
cumulative  incidence  by  use  of  tests  for  trend,  which  were  calculated 
via  Cox  proportional  hazards  regression  analysis.  We  tested  for 
departures  from  the  proportional  hazards  assumption  by  use  of  tests 
of  interaction  with  follow-up  time  and  found  no  evidence  of  nonpro¬ 
portionality.  Among  breast  cancer  patients,  we  compared  time  to 
cancer  across  levels  of  immunostaining  with  analysis  of  variance 
(ANOVA)  methods  and  laterality  of  breast  cancer  relative  to  the 
original  atypia  across  levels  of  immunostaining  by  use  of  x2  tests.  All 
statistical  tests  were  two-sided,  and  all  analyses  were  conducted  with 
the  SAS  (S AS  Institute,  Inc.,  Cary,  NC)  software  system. 

Results 

COX-2  Immunostaining  of  Atypia  Samples 

Among  the  original  cohort  of  331  women  with  atypical  hyperplasia 
(2),  the  distributions  of  breast  cancer  status,  age  at  benign  biopsy7, 
family  history-  of  cancer,  and  (for  breast  cancer  patients)  time  to 
diagnosis  were  not  statistically  significantly-  different  between  the 
235  patients  with  formalin-fixed  tissue  available  for  COX-2  staining 
and  the  96  patients  without  available  tissue  (x2  P  >  .05  for  each 
attribute).  .Among  specimens  from  the  235  patients  with  available 
tissue,  23  (10%)  showed  no  COX-2  staining,  107  (46%)  showed 
category  1+  staining,  7 1  (30%)  showed  category-  2+  staining,  and  34 
(14%)  showed  category  3+  staining  (Figure  l).  Intensity  of  staining 
was  statistically  significantly  associated  with  type  of  atypical  hyper¬ 
plasia  (lobular  vs  ductal  P  <  .001;  Table  1 ).  Of  the  100  women  with 
atypical  ductal  hyperplasia  only.  77  (or  77%)  had  either  no  or  weak 
(categories  0  or  1+)  COX-2  staining,  13(13%)  had  moderate  (cate¬ 
gory7  2+)  staining,  and  10  (10%)  had  strong  (category7  3+)  staining. 
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Table  1.  Association  of  cyclooxygenase-2  staining  intensity  with  demographic  and  clinical  variables,  among  women  diagnosed  with 
atypical  hyperplasia* 


Variable 

0-1+  (n  =  130) 

COX-2  staining  category 

2+  (n  =  71) 

3+  (n  =  34) 

Pvaluet 

Age  at  benign  aiopsy,  No.  (%) 

<45  y 

24  (80.0) 

6  (20.0) 

0  (0.0) 

.01 

45-55 y 

44  (58.7) 

21  (28.0) 

10(13.3) 

>55  y 

62  (47.7) 

44  (33.8) 

24  (18.5) 

Family  history  of  breast  cancer*,  No.  (%) 

None 

74  (54.4) 

41  (30.1) 

21  (15.4) 

.95 

Weak 

22  (53.7) 

14  (34.1) 

5(12.2) 

Strong 

26  (57.8) 

12  (26.7) 

7(15.6) 

No.  of  atypical  foci,  No.  (%) 

1 

84  (64.1) 

31  (23.7) 

16(12.2) 

.02 

2 

31  (47.7) 

25  (38.5) 

9(13.8) 

>3 

15(38.5) 

15  (38.5) 

9(23.1) 

Calcifications,  No.  (%) 

Yes 

40  (54.1) 

23  (31.1) 

11  (14.9) 

.97 

No 

90  (55.9) 

48  (29.8) 

23  (14.3) 

Involution  status§,  No.  (%) 

None 

9  (64.3) 

3  (21.4) 

2  (14.3) 

.27 

Partial 

104  (58.1) 

51  (28.5) 

24(13.4) 

Complete 

14  (38.9) 

14  (38.9) 

8  (22.2) 

Type  of  atypical  hyperplasia,  No.  (%) 

ALH 

47  (38.5) 

53  (43.4) 

22  (18.0) 

<.001 

ADH 

77  (77.0) 

13  (13.0) 

10(10.0) 

ALH  and  ADh 

6  (46.2) 

5  (38.5) 

2  (15.4) 

Indication  for  biopsy||,  No.  (%) 

Lump 

48  150.5) 

36  (37.9) 

11  (11.6) 

.14 

Mammogram 

78  (57.8) 

35  (25.9) 

22  (16.3) 

Vital  status,  No.  (%) 

Deceased 

38(52.1) 

19  (26.0) 

16(21.9) 

.09 

Alive 

92  (56.8) 

52  (32.1) 

18(11.1) 

Year  of  biopsy.  No.  (%) 

1067  1071 

6  (66.7) 

2  (22.2) 

1  (11.1) 

.22 

1972-1 976 

12  (48.0) 

12  (48.0) 

1  (4.0) 

1977-1 981 

15(51.7) 

7  (24.1) 

7(24.1) 

1982-1 986 

33  (49.3) 

21  (31.3) 

13(19.4) 

1987-1991 

64  (61 .0) 

29  (27.6) 

12  (11.4) 

•  COX-2  =  cyclocxygenase-2;  ALH  =  atypical  lobular  hyperplasia;  ADH  =  atypical  ductal  hyperplasia.  Values  expressed  as  number  (percent). 

+  X1  test  of  statistical  significance. 

*  Family  history  was  available  for  222  of  the  235  women.  Criteria  for  a  strong  family  history  were  at  least  one  first-degree  relative  with  breast  cancer  diagnosed 
before  the  age  of  50  years  or  two  or  more  relatives  with  breast  cancer,  with  at  least  one  being  a  first-cegree  relative.  Any  lesser  degree  of  family  listory  was 
mnsidered  to  he  weak 

§  Involution  status  was  available  for  229  of  the  235  women. 

||  Indication  information  was  available  for  230  of  the  235  women. 


In  contrast,  of  die  122  women  with  only  atypical  lobular  hyperpla¬ 
sia,  47  (39%)  had  no  or  weak  staining,  whereas  53  (43%)  had  mod¬ 
erate  staining  and  22  (18%)  had  strong  staining  ( P<  .001).  Strong 
immunostaining  was  also  more  likely  with  increasing  patient  age:  no 
tumor  from  die  30  women  who  weie  younger  than  45  yeans  at  time 
of  initial  biopsy  had  strong  COX-2  staining  and  only  six  (20%)  had 
moderate  staining.  In  contrast,  among  tumors  from  the  130  women 
who  were  older  than  55  years  at  biopsy,  24  (19%)  had  strong  stain¬ 
ing  and  an  additional  44  (34%)  had  moderate  COX-2  staining  ( P  = 
.01 ).  Finally,  the  strength  of  COX -2  immunostaining  was  associated 
with  increased  numbers  of  atypia  foci.  Among  the  39  patients  with 
three  or  more  loci,  nine  (23%)  showed  strong  COX-2  staining  and 
15  (39%)  showed  moderate  staining.  In  contrast,  of  the  131  women 
who  had  only  a  single  focus  of  atypia,  16  (12%)  had  strong  COX -2 
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staining  and  3 1  (24%)  had  moderate  staining  (P  =  .021.  The  degree 
of  COX-2  immunoreactivity  was  not  associated  with  family  history 
of  breast  cancer,  calendar  year  of  biopsy,  or  clinical  indicadon  for 
biopsy  (palpable  lump  vs  mammographic  abnormality). 

COX -2  stainiig  was  nut  limited  to  atypical  foci.  Of  die  235 
subjects  in  our  cohort,  216  (92%)  had  staining  detected  in  benign 
lobules,  but  it  was  heterogeneous  within  tissue  secdons  and  usually 
wreak  or  moderate  in  intensity  (category  0,  1+,  or  2+  in  202  [94%] 
of  the  216  patients).  A  total  of  179  patients  also  had  staining  in 
(nonatypical)  proliferative  lesions,  such  as  usual-type  duct  hyper¬ 
plasia  and  adenosis  that  were  present  in  the  dssue  sections  along 
with  atypia.  Most  of  diese  lesions  were  also  weakly  immunoreac- 
tive  (category  0  or  1+  in  131  [73%],  category  2+  in  43  [24%],  and 
category  3+  in  five  [3%]  of  the  lesions). 
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Association  of  COX-2  Expression  With  Breast  Cancer  Risk 

Forty-one  (17%)  of  th?  235  women  with  atypia  in  this  study  devel¬ 
oped  breast  cancer  during  a  median  follow-up  of  15  years.  Figure  2 
illustrates  the  cumulative  incidence  of  breast  cancer  as  a  function  of 
follow-up  interval,  stratified  by  category  of  COX-2  staining  intensity. 
A  positive  association  of  borderline  statistical  significance  was 
observed  between  COX-2  staining  and  the  subsequent  development 
of  breast  cancer  (test  for  trend  P  =  .07,  Cox  proportional  hazards 
regression).  Risks  of  developing  breast  cancer  after  1 5  years  of  fol¬ 
low-up  among  women  with  atypia  were  as  follows:  for  atypia  with  no 
or  only  weak  COX-2  staining,  13%  (95%  confidence  interval  [Cl]  = 
6%  to  20%);  with  moderate  staining,  19%  (95%  Q  =  7%  to  30%); 
and  with  strong  stainir.g,  25%  (95%  Cl  =  6%  to  43%).  After  a  fol¬ 
low-up  of  20  years,  risks  of  developing  breast  cancer  for  atypia  with 
category  0  or  1+,  category  2+,  or  category  3+  staining  were  14% 
(95%  Cl  =  7%  to  22%),  24%  (95%  Cl  =  10%  to  37%),  and  31% 
(95%  Cl  =  8%  to  53% X  respectively.  Poisson  regression  analyses  that 
compared  the  observec  number  of  events  with  the  expected  number 
and  accounted  for  age  and  calendar  period  also  revealed  a  marginally 
statistically  significant  dose-response  relationship  overall  between 
staining  intensity  and  rsk  of  breast  cancer,  compared  with  that  of  the 
control  population  (for  category’  0  or  1+  COX-2  staining,  RR  =  2.63, 
95%  Cl  =  1.56  to  4.15;  for  category-  2+  staining,  RR  =  3.56,  95% 
Cl  =  1 .94  to  5.97;  and  for  category  3+  staining,  RR  =  5.66,  95%  Cl  = 
2.59  to  10.75)  (Table  2,  test  for  heterogeneity  of  relative  risks  P  = 
.07).  Results  were  similar,  although  slightly  attenuated,  after  further 
adjustment  for  number  of  atypical  foci  and  type  of  atypia  (atypical 
lobular  hyperplasia  or  atypical  ductal  hyperplasia)  (data  not  shown). 

COX-2  Staining  and  Cancer  Features 

Among  the  41  women  who  developed  breast  cancer  during  follow-up, 
32  had  invasive  disease,  eight  had  in  situ  cancer,  and  one  had  disease 
of  an  unknown  type.  W e  compared  COX-2  staining  intensity  (cate¬ 
gories  0  and  1+  vs  categories  2+  and  3+)  in  the  affected  women  by 
cancer  type  (invasive  vs  in  situ)  and  found  no  difference  (14  of  the  18 
women  [78%]  with  category  0  or  1+  staining  had  invasive  disease,  as 
did  18  of  die  22  [82  %]  with  category-  2+  or  3+  staining,  x2  P  =  -75). 

Wc  next  examined  the  time  to  breast  cancer  by  COX -2  staining 
intensity.  Among  the  41  women  who  developed  breast  cancer,  the 
median  time  to  breast  cancer  was  1 1.6  y-ears  (IQR  =  7.2-14.5  years). 
Among  the  18  women  who  developed  breast  cancer  in  the  category 
0  or  1+  COX-2  staining  group,  the  median  time  to  breast  cancer 
was  11.4  years  (IQR  =  7.9-13.7  yrears);  among  the  23  who  devel- 


Figure  2.  Cumulative  breast  cancer  incidence  among  women  with  atypi¬ 
cal  hyperplasia,  accounting  for  death  as  a  competing  risk.  Data  were 
stratified  by  level  of  cyclooxygenase-2  staining  intensity  (categories  0- 
1+,  2+,  and  3+).  Ninety-five  percent  confidence  intervals  about  the 
cumulative  incidence  estimates  at  year  15  of  follow-up  are  provided  for 
reference.  The  number  of  subjects  at  risk  by  year  of  follow-up  and  stain¬ 
ing  intensity  levels  are  as  follows:  baseline,  0-1+,  n  =  130;  baseline,  2+, 
n  =  71;  baseline,  3+,  n  =  34;  year  15,  0-1+,  n  =  62;  year  15,  2+,  n  =  30; 
year  15,  3+,  n  =  1 1.  Test  for  trend  in  risk  across  levels  of  intensity  was 
used  =  .07,  Cox  proportional  hazards  regression  analysis). 

oped  cancer  in  the  category  2+  or  3+  staining  group,  the  median 
time  to  breast  cancer  was  11.8  years  (IQR  =  5.5-15.0  yrears) 
(ANOVA  P  =  .87).  Side  of  breast  cancer  and  side  of  atypia  were 
known  for  34  of  the  41  women  (14  in  the  category  0  or  1+  staining 
group  and  20  in  the  category  2+  or  3+  group).  In  the  category  0  or 
1+  group,  sidedness  was  equally  distributed  (seven  ipsilateral  and 
seven  contralateral  breast  cancers).  In  the  category7  2+  or  3+  group, 
there  were  13  (65%)  ipsilateral  and  seven  (35%)  contralateral  breast 
cancers;  although  seemingly  different,  these  proportions  wrere  not 
statistically  significantly  different  from  each  other  (x2  P  =  .38). 

Discussion 

We  studied  COX-2  expression  in  a  well-characterized  cohort  of 
women  with  atypical  hyperplasia  who  were  followed  for  breast  can¬ 
cer  events  for  a  median  of  15  yrears.  Among  the  atypias  from  women 
in  this  cohort,  44%  had  moderate  or  strong  COX-2  expression, 


Table  2.  Association  oi  cyclooxygenase-2  staining  intensity  with  risk  of  breast  cancer  after  the  diagnosis  of  atypical  hyperplasia* 


COX-2  staining 
intensity 

No.  of  women 

No.  of 

person-years 

No.  of  observed 
events 

No.  of  expected 
eventst 

RR  (95%  Cl)* 

All  women 

Staining  category 

235 

3265 

41 

12.4 

3.31  (2.38  to  4.49) 

0-1  + 

130 

1869 

18 

6.9 

2.63  (1.56  to  4.15) 

2+ 

71 

1004 

14 

3.9 

3.56  (1 .94  to  5.97) 

3+ 

34 

391 

9 

1.6 

5.66  (2.59  to  10.75) 

*  COX-2  =  cyclooxygenase-2;  RR  =  relative  risk;  Cl  =  confidence  interval. 

t  Number  of  events  expected  on  the  basis  of  Iowa  Surveillance,  Epidemiology,  anc  End  Results  data. 

i  Standardized  incidence  ratio  and  95%  confidence  intervals,  comparing  observed  number  of  breast  cancers  with  those  expected.  All  results  account  for  age  and 
calendar  period. 
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and  there  was  a  borderline  statistically  significant  increase  in  risk 
of  later  breast  cancer  associated  with  increasing  levels  of  COX-2 
expression  (P  =  .07).  Atypias  win  more  than  one  involved  focus, 
which  have  the  highest  likelihood  of  progression  to  a  later  breast 
cancer  (2),  were  more  likely  than  :hose  with  just  one  involved  focus 
to  express  COX-2. 

There  is  strong  biologic  rationale  underlying  COX-2  as  a  rele¬ 
vant  biomarker  in  breast  carcinogenesis.  COX-2,  wrhich  is  induced 
by  mitogenic  and  inflammatory  stimuli,  has  many  protumorigenic 
downstream  effects,  including  enhanced  proliferation,  enhanced 
angiogenesis,  resistance  to  apoptotic  cell  death,  immunosuppres¬ 
sion,  promotion  of  invasion,  and  metastasis  (3-7,11,12).  COX-2  is 
overexpressed  in  both  invasive  breast  cancer  and  ductal  carcinoma  in 
situ,  and  overexpression  is  associated  with  aggressive  histologic  and 
clinical  features  (8-15).  COX-2  is  also  overexpressed  in  pre invasive 
lesions  in  multiple  tumor  systems,  including  Barrett  esophagus, 
colorectal  adenomas,  and  cervical  intraepithelial  neoplasia  (3,6,7). 

We  identified  a  relationship  between  older  age  at  diagnosis 
of  atypia  and  COX-2  overexpression.  Specifically,  only  20%  of 
women  who  were  younger  than  45  years  at  diagnosis  had  atypias 
with  moderate  or  strong  COX -2  expression  compared  with  41% 
of  women  aged  45-55  years  and  52.3%  of  women  older  than  55 
years.  Interestingly,  these  age-dependent  differences  in  COX-2 
induction  could  result  in  age-related  changes  in  aromatase  expres¬ 
sion.  The  enzyme  aromatase,  encoded  by  the  CYP19  gene,  synthe¬ 
sizes  estradiol  from  androgenic  precursors  (7).  Aromatase  is 
present  in  breast  tissue,  and  its  levels  are  higher  in  or  near  breast 
cancers  (21,22).  It  has  been  shown  (23,24)  that  prostaglandin  E2, 
which  is  produced  by  enzymes  downstream  of  COX-2,  stimulates 
transcription  of  the  CYPI9  gene.  Thus,  increased  COX-2  expres¬ 
sion  and  the  resultant  increased  mammary  aromatase  activity 
would  be  expected  to  increase  local  estrogen  concentrations,  in 
turn  further  contributing  to  a  protumorigenic  local  environment 
(7).  This  mechanism  may  be  of  greater  importance  in  postmeno¬ 
pausal  breast  cancer,  where  the  sy  nthesis  of  estrogens  is  dependent 
on  aromatase  in  peripheral  tissues,  especially  mammary  adipose 
tissue  (25). 

We  found  that  elevated  COX-2  expression  was  more  common 
in  atypical  lobular  hyperplasia  than  atypical  ductal  hyperplasia. 
Perrone  et  al.  (26)  also  showed  recently  that  lobular  neoplasia 
expressed  COX-2  at  high  levels.  Lobular  neoplasia  is  characterized 
by  loss  of  adhesion  molecules  such  as  E-cadherin,  and  recent  work 
(27,28)  has  shown  that  COX-2  and  prostaglandin  E2  induce  Snail, 
a  transcriptional  repressor  that  silences  the  E-cadherin  gene 
CDH1 .  Our  data  in  atypia  suggest  that  COX-2  may  be  responsible, 
at  least  in  part,  for  the  protumorigenic  loss  of  adhesion  molecules 
that  occurs  in  lobular  neoplasia  of  die  breast. 

Many  studies  [for  review,  see  Harris  et  al.  (29)]  have  explored 
whether  administradon  of  NSAIDs,  which  inhibit  COX-2,  is  asso¬ 
ciated  with  the  subsequent  risk  of  breast  cancer.  Recent  results 
from  a  case-control  study  (17)  show  that  users  of  selecdve  COX-2 
inhibitors  and  nonselecdve  inhibitors,  including  regular  aspirin, 
ibuprofen.  or  naproxen,  had  a  reduced  risk  of  subsequendy  devel¬ 
oping  breast  cancer,  whereas  users  of  acetaminophen  did  not.  A 
previous  meta-analy^sis  (16)  found  a  link  between  regular  use  of 
NSAIDs  and  reduedon  in  breast  cancer  risk.  These  data  supple¬ 
ment  the  extensive  literature  that  supports  the  use  of  selecdve 
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COX-2  inhibitors  as  chemoprevendon  agents  lor  other  cancers, 
most  notably  gastrointesdnal  malignancies. 

This  study  has  several  limitations.  Tissue-based  biomarker 
studies,  such  as  this  study%  are  necessarily^  limited  by  semiquantita- 
dve  and  subjective  evaluation  of  COX -2  status,  which  is  further 
complicated  by  the  variable  and  generally  wreak  character  of  immu- 
noreactivity*.  More  quantitative  approaches,  such  as  quantitative 
reverse  transcriptase-polymerase  chain  reaction  or  western  blot¬ 
ting,  typically  require  fresh  frozen  tissue  and  cannot  accurately 
localize  the  COX-2  signal  in  the  tissue  because  of  the  small  size  of 
the  atypical  foci.  The  advantages  of  immunohistochemistry  are  that 
we  can  localize  the  COX-2  signal  to  the  atypia  foci  and  that  we  can 
use  archival  paraffin-embedded  material  from  patients  with  ade¬ 
quate  follow-up  to  determine  later  nreast  cancer  events.  One  mem¬ 
ber  of  our  investigative  team  (AR)  has  compared  various  antibodies 
and  approaches  in  cancer  samples  in  which  COX -2  mRNA  levels 
had  been  measured  (30,31).  In  general,  polyclonal  antibodies 
tended  to  have  relatively  weaker  staining  with  higher  levels  of  non¬ 
specific  staining  than  monoclonal  antibodies  (A.  Ristimiiki,  MD, 
PhD,  unpublished  data,  2005);  dius.  we  used  a  monoclonal  antibody 
in  this  study’.  An  additional  challenge  is  that  atypia  lesions  are  small 
(generally  <0.2  cm  in  diameter)  and  focal,  thereby  rendering  our 
assayr  vulnerable  to  sampling  artifacts.  I  Icncc,  die  clinical  utility  of 
immunohistochemical  assessment  of  COX-2  will  require  additional 
research  to  establish  assayr  consistency  and  reproducibility. 
Nevertheless,  we  were  able  to  study  a  sizable  cohort  of  women  with 
atypical  hyperplasia  who  had  long  follow-up  time  for  the  subse¬ 
quent  development  of  breast  cancer.  The  association  between 
COX-2  status  and  outcome,  as  well  as  the  observed  dose-effect 
relationship  between  development  of  breast  cancer  and  the  level  of 
COX-2  staining  in  atypias,  indicates  that  COX-2  may  have  utility*  as 
a  predictive  biomarker.  Findings  ir.  this  study  suppoit  the  associa¬ 
tion  be  ween  NSAID  treatment  and  risk  reduction  in  breast  cancer 
and  also  die  potential  to  devise  individualized  chemoprevention 
approaches  based  on  patient-specific  biomarker  assays.  For  example, 
in  a  recent  study,  Chan  et  al.  (32)  showed  that  efficacy  of  aspirin  as 
a  chemoprevention  strategy*  for  colorectal  carcinoma  was  limited  to 
patients  with  tumors  that  express  COX-2. 

In  summary\  we  found  moderate  to  strong  COX-2  expression 
in  44%  of  atypical  hyperplasia  samples  from  a  well-characterized 
patient  cohort.  Samples  with  three  or  more  foci  of  atypia,  which 
are  associated  with  increased  risk  of  subsequent  breast  cancer  (2), 
had  stronger  COX-2  staining.  However,  the  relationship  between 
COX-2  staining  intensity*  and  the  risk  of  subsequent  breast  cancer 
was  of  only  borderline  statistical  significance  (P  =  .07). 
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Lobular  involution:  localized  phenomenon  or  field  effect? 
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As  women  age,  the  lobules  in  their  breasts  undergo  involution.  We  have  shown  that,  in 
women  with  benign  breast  disease,  progressive  involution  assessed  near  the  benign 
lesion  is  associated  with  lower  breast  cancer  risk.  However,  it  is  unknown  whether  the 
extent  of  involution  is  variable  or  uniform  across  the  entire  breast.  We  compared 
involution  across  the  four  quadrants  of  both  breasts  for  fifteen  women  undergoing 
bilateral  prophylactic  mastectomy.  One  pathologist  classified  involution  extent  as  none 
(0%  involuted  lobules),  mild  (1-24%),  moderate  (25-74%),  or  complete  (>/=75%).  We 
assessed  intra-woman  concordance  using  intraclass  correlation  coefficients  (ICCs), 
kappa  coefficients,  and  pairwise  comparisons  of  agreement.  We  found  strong  intra¬ 
woman  concordance  of  involution  across  the  eight  quadrants  of  breast  tissue  (ICC  = 
0.75,  95%  Cl  0.59,  0.89).  Our  study  suggests  that  lobular  involution  is  a  homogeneous 
process,  supporting  the  use  of  involution  measures  from  a  single  benign  biopsy  as  a 
component  in  breast  cancer  risk  assessment  paradigms. 
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ABSTRACT 

As  women  age.  the  lobules  in  their  breasts  undergo  involution.  We  have  shown  that,  in 
women  with  benign  breast  disease,  progressive  involution  assessed  near  the  benign  lesion 
is  associated  with  lower  breast  cancer  nsk.  However,  it  is  unknown  whether  the  extent  of 
involution  is  variable  or  uniform  across  the  entire  breast.  We  compared  involution  across 
the  four  quadrants  of  both  breasts  for  fifteen  women  undergoing  bilateral  prophylactic 
mastectomy.  One  pathologist  classified  involution  extent  as  none  (0°o  involuted  lobules) 
mild  (1-24%).  moderate  (25-74%i.  or  complete  (2:75%).  We  assessed  intra- woman 
concordance  using  intraclass  correlation  coefficients  (ICCs).  kappa  coefficients,  and 
pairwise  comparisons  of  agreement.  We  found  strong  intra-u  oman  concordance  of 
involution  across  the  eight  quadrants  of  breast  tissue  (ICC=0  75.  95%  Cl  0  59.0.S9).  Our 
study  suggests  that  lobular  involution  is  a  homogeneous  process,  supporting  the  use  of 
involution  measures  from  a  single  benign  biopsy  as  a  component  in  breast  cancer  risk 
assessment  paradigms. 
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INTRODUCTION 

The  epithelium  of  the  human  breast  is  organized  mto  approximately  15-20  major  lobes, 
each  comprised  of  terminal  duct  lobular  units  (TDLUs,  or  lobules)  which  contain  the 
milk-producing  acini.  These  lobules  are  the  anatomic  substiucrure  that  gives  nse  to 
breast  cancer.[l]  As  a  woman  ages,  her  lobules  involute,  with  a  resulting  reduction  m  the 
number  and  size  of  acmi  per  lobule  (Figure  l)[2-6],  In  a  recent  study,  we  showed  that 
progressive  degrees  of  lobular  involution  were  associated  with  lower  breast  cancer  risk  :n 
women  with  pathologically  confirmed  benign  lesions  of  the  breast.  [7]  That  study  used  a 
single  assessment  of  involution  for  each  woman  based  on  the  normal  background  lobules 
at  the  site  of  the  biopsy.  It  has  been  suggested  that  extent  of  involution  can  help  predict 
nsk  cf  breast  cancer.[7,8]  To  do  so.  the  extent  of  involution  in  a  small  tissue  sample 
would  need  to  be  representative  of  the  entire  field  of  a  woman’s  breast  tissue.  To  our 
knowledge  no  stud}7  has  examined  the  uniformity  of  involution  Thus,  we  sought  to 
determine  if  extent  of  lobular  involution  was  similar  across  multiple  areas  of  a  woman's 
breasts  by  studying  tissue  from  women  undergoing  bilateral  prophylactic  mastectomy. 

METHODS 

After  Institutional  Review  Board  approval,  mastectomy  specimens  from  15  women  with 
no  personal  history  of  ranrpr  who  had  undergone  bilateral  p'ophylartir  mastectomy  at 
Mayo  Clinic  between  1998  and  2006  were  retrieved  from  the  Tissue  Registry.  A  single 
section  of  fibrous  breast  tissue  was  sampled  from  each  quadrant  of  both  breasts,  for  a 
total  of  eight  samples  per  individual.  For  each  section,  a  fonnalin-fixed.  paraffin 
embedded  hematoxylin  and  eosin  slide  was  prepared  for  tissue  examination.  The  slides 
wrere  labeled  in  a  blinded  manner,  randomly  intermixed,  and  provided  to  our  breast 
pathologist  (C'R).  Each  specimen  was  categorized  by  the  extent  of  lobular  involution  as 
none  (0%  involuted  lobules),  mild  (1-24%),  moderate  (25-74%),  or  complete  (>  75% 
involuted  lobules). 

We  calculated  within-vvoman  concordance  of  involution  extent  using  intraclass 
correlation  coefficients  (IC'C‘s).[9- 10]  We  first  binned  all  eight  values  from  a  woman  into 
a  single  class,  modeling  each  woman  as  an  experimental  unit.  Secondary  analyses 
considered  the  four  readings  within  a  breast  to  be  potentially  correlated,  but  assumed 
readings  across  breasts  were  mdependent  For  these  analyses,  each  woman  contributed 
two  classes  of  four  measures,  effectively  modeling  each  breast  as  the  experimental  unit. 
Initial  ICCs  pooled  the  intermediate  involution  categories  of  mild  and  moderate  into  one 
"partial  involution’  category,  identical  to  the  measurement  in  our  previous  study.  [7] 
Correlations  were  then  re-examined  using  the  four-level  categorization  of  none,  mild, 
moderate  and  complete. 

We  a. so  calculated  kappa  coefficients  as  a  measure  of  agreement.  We  used  the 
generalized  multiple-rater  kappa  coefficient  to  account  for  the  fact  that  we  have  more 
than  two  measures  within  each  umt,[l  1]  resulting  m  a  conservative,  unweighted  kappa 
that  does  not  allow  for  “partial  credit"  due  to  close,  but  not  exact,  matches. 
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To  aid  iii  interpretation,  we  examined  and  summarized  all  pauwise  comparisons  of  intra¬ 
woman  involution  values  usmg  the  three  level  involution  variable  defined  above  (none: 
partial,  pooling  mild  and  moderate;  complete).  Each  woman's  eight  measures  resulted  in 
2S  pairwise  comparisons,  or  420  total  m  our  group  of  15.  We  classified  each  paired 
compaiison  as  a  pci  feci  match  (the  paned  obseivalions  a  nice),  pailial  match  (the 
observations  differ  by  one  category),  or  non-match  (the  observations  differ  by  two 
categories).  Secondary'  analyses  summarized  pairwise  measurements  only  for  the  four 
values  within  a  breast,  resulting  in  six  breast-specific  pairwise  comparisons,  and  thus 
twelve  for  each  woman  and  180  overall. 

RESULTS 

The  mean  age  at  mastectomy  for  our  fifteen  women  u'as  53.9  years  (range  37-72).  Of  the 
120  assessments  of  involution.  9  were  classified  as  no  involution.  27  as  nuld.  25  as 
moderate,  and  59  as  complete 

Within-woman  pairwise  comparisons  of  involution,  based  on  the  three  level  involution 
variable,  are  presented  in  Table  1 .  Of  the  420  total  comparisons  (28  for  each  of  the  15 
women),  341  (Sl°o)  were  classified  as  perfect  matches,  76  (1S%)  as  partial  matches,  and 
3  (l°  o)  as  non-matches.  The  proportion  of  perfect  and  partial  matches  was  similar  when 
confining  the  pair-wise  comparisons  to  reading':  within  the  same  breast. 

We  observed  strong  correlation  among  involution  measures  (Table  1).  ICCs  for  both  the 
four  level  and  three  level  involution  variables  were  identical  (ICC— 0.75;  95% 
Cl=0.59,0.89).  Correlations  were  similar  when  modeling  each  breast  as  the  experimental 
unit,  indicating  that  patterns  of  involution  wcic  siiwlai  within  each  bieasl  and  acioss  both 
breasts  within  a  woman. 

Kappa  statistics  also  demonstrated  strong  agreement.  Using  generally  accepted 
categorizations,  [12]  the  kappa  for  the  three  level  involution  variable  fell  into  the 
"substantial  '  agreement  category'  (kappa=0.67.  95%  Cl  0.59.0.75.  Table  1).  while  the 
four  level  involution  kappa  fell  into  the  "moderate"  category'  (kappa=0.56. 95°  o  Cl 

0.19,0.62). 

DISCUSSION 

We  found  high  concordance  of  lobular  involution  values  across  multiple  areas  of  breast 
tissue  m  women  undergoing  bilateral  prophylactic  mastectomy.  Measures  of  agreement 
incorporating  the  eight  quadrants  across  both  breasts  were  similar  to  those  obtained  when 
treating  each  breast  independently,  indicating  uniformity  of  effect  in  the  entire  field  of 
breast  tissue. 

We  previously'  reported  a  strong  dose-response  association  of  lobular  involution  with 
lower  breast  cancer  risk  among  women  with  benign  breast  disease  based  on  the 
background  tissue  surrounding  the  benign  lesion. [7]  suggesting  that  assessing  involution 
extent  could  improve  nsk  prediction  capabilities.[7.S]  Our  current  findings  provide 
evidence  that  the  assessment  of  involution  extent  from  a  single  area  of  the  breast  is 
representative  of  the  entire  field  of  breast  tissue 
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Our  study  is  limited  by  the  large  group  of  specimens  falling  under  the  intermediate 
categones  of  mild  and  moderate  involution  It  :s  possible  that  concordance  would 
increase  with  more  objective  determinations  of  involution.  We  are  currently  exploring 
quantitative  measures  of  lobule  regression  that  may  better  define  the  involution  status  of 
women.  [13] 

In  summary,  we  observed  moderate  to  high  uniformity  among  measures  of  age-related 
lobular  involution  from  multiple  areas  of  breast  tissue  within  a  woman.  This  finding 
suggests  that  involution  is  a  consistent  physiological  process  across  the  field  of  breast 
tissue,  supporting  the  use  of  measures  from  a  single  benign  biopsy  for  breast  cancer  risk 
prediction. 
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Table  1  Measures  cf  concordance  of  involution  in  15  women  undergcing  bilateral 
prophylactic  mastectomy.  Elgin  quadrants  assessed  per  woman  (four  per  breast). 


Measure 

Result 

Treating  each  woman  as  the  experimental  unit 

Intradass  Correlation  (O5ao  Cl) 

0.75  (0.59.  o.SO) 

Kappa  Coefficient  (95°  o  CT) 

0.67  (0.59,0  75) 

P3invise  Comparisons.  N  (°-o)1 

Perfect  Marches 

441  (SI) 

Partial  Matches 

76  (IS) 

Non-Matches 

3(1) 

Treating  each  breast  as  the  expenmental  unit 

Intraclass  C'orrelatioa  (95°  o  Cl) 

0.74(0.60.0.85) 

Kappa  Coefficient  (95°  o  CT) 

0.65  (0.53.0.78) 

P3invise  Comparisons.  N  (°o)1 

Perfect  Matches 

145  (SI) 

Partial  Matches 

34(19) 

Non-Matches 

1(1) 

Results  are  based  on  the  three-level  assessment  of  involution:  none  (0%  involuted 
lobules),  partial  ( 1-74°  o).  and  complete  (>75°  o).  Analyses  using  a  four-level  assessment, 
stratifying  the  partial  involution  category-  into  mild  (1-24°  o  mvoluted  lobules)  and 
moderate  (25-74°  c).  yielded  sunilar  results 

1.  Pan- Wise  comparisons  of  involution  measures  within  a  woman.  When  treating 
woman  as  the  expenmental  unit,  the  eight  involution  reads  result  m  2 Span-wise 
compansons  per  woman  or  420  overall  in  our  group  of  15  women  When  treating  each 
breast  as  an  experimental  unit,  the  four  involution  reads  result  ui  o  pan-wise  compansons 
per  breast,  or  12  per  woman  and  thus  ISO  overall. 
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Figure  1.  Histologic  features  of  age-related  involution.  (A)  An  example  of  breast  tissue 
with  no  lobular  involution,  with  multiple  intact  terminal  duct  lobular  units,  each 
comprised  of  multiple  acini  and  specialized  stroma  (Inset).  (B)  An  example  of 
complete  lobular  involution  with  residual  terminal  duct  lobular  units,  largely 
depleted  of  acini  (Inset). 
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ABSTRACT 

Pirpose 

An  accurate  estimate  of  a  woman's  breast  cancer  risk  Is  essential  for  optimal  patient  counseling 
and  management.  Women  With  biopsy-confirmed  atypical  l-ypeiplasla  of  the  breast  (atypia)  are  at 
high  risk  for  breast  cancer  The  Gall  model  Is  widely  used  In  these  women,  but  has  not  been 
validated  In  them. 

Patients  and  Methods 

Women  with  atypia  were  identified  from  the  Mayo  Benign  Breast  Disease  (BBD)  cohort  (1967  to 
1991)  Their  risk  factors  for  breast  cancer  were  obtained,  and  the  Gail  model  was  used  to  predict 
6-year-  and  follow-up-speciflc  risks  for  each  woman  The  predicted  and  observed  numbers  of 
breast  cancers  were  compared,  and  the  concordance  between  individual  nsk  levels  and  outcomes 
was  computed 

Results 

Of  rlie  9.37ft  women  In  the  RRD  cohort  331  women  had  atynla  (3  616)  Al  a  mean  follow-up  of 
13.7  yeais.  58  of  331  (17.6%i  patients  had  developed  invasive  breast  oncer.  1 .66  times  more 
than  the  34  9  predicted  by  the  Gall  model  (96%  Cl.  1.29  to  2. 16;  P<  001)  For  Individual  women, 
the  concordance  between  predicted  and  observed  outcomes  W3s  low.  with  a  concordance 
statistic  Of  0.50  (95%  Cl.  0  44  to  0.55) 

CoBCltlSlol 

The  3ail  model  significantly  underestimates  the  risk  of  breast  cancer  in  women  with  atypia.  Its 
ability  to  discriminate  women  wth  atypia  Into  those  who  did  and  did  not  develop  breas:  cancer  is 
limited  Health  care  professionals  should  be  cautious  when  using  the  Gall  model  to  counsel 
Individual  patients  with  atypia 

J  Ciii  Oncol  26:5374-5379.  ©  2908  by  American  Society  of  Clinical  Oncology 
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An  accurate  estimate  of  a  woman’s  risk  of  develop - 
ingbreast  cancer  is  an  integral  component  of  patient 
counseling  It  enables  physicians  to  tailor  clinical 
management  to  the  pattern's  needs  and  guide  pa¬ 
tients  in  the  selection  of  appropriate  medical  and 
surgical  management  Women  with  biopsy- 
conlirmed  atypical  hyperplasia  of  the  breast  ( atypia  i 
ate  known  to  be  at  high  risk  for  the  development  of 
breast  cancer.1  5  Widespread  public  awareness  of 
breast  disease  along  with  routine  use  of  screening 
mammograms  has  led  to  the  increased  detection  of 
atypii  on  breast  biopsy.1  Women  with  atypia  are 
often  counseled  to  pursue  heightened  screening  and 
risk  reduction  strategies  such  as  chemoprevention 
with  tamoxifen  oi  raloxifene  To  assist  a  woman 
with  atypia  in  making  an  informed  decision,  an  ac¬ 
curate  assessment  of  her  nsk  is  neeced 


Tire  original  Gail  model  was  developed  using 
data  from  women  who  were  actively  participating  in 
the  Breast  Cancer  Detection  and  Demonstration 
Project,  a  breast  cancer  screening  program.*  It  was 
updated  and  validated  across  a  population  of 
women  ut  the  National  Surgical  Adjuvant  Breast 
and  Bowel  Project  P-1  study  7  This  updated  version 
of  the  mcdel  (called  model  2  in  Costantino  et  al7) 
has  been  mplemented  in  a  variety  ot  formats,  ll  is 
incorporated  in  the  Breast  Cancer  Risk  Assessment 
T ool  (BOAT,  also  referred  to  in  this  article  as  the 
Gail  model),  which  is  available  on  the  National 
Cancer  i  n  lit  ate  (NOT)  Web  site  (http://cancer.gov/ 
hcrisktoolt  and  is  viewed  20j000  to  >0,005  times  per 
month,  suggesting  strong  demand  for  this  informa¬ 
tion*  Thr  Gail  model  provides  individualized  risk 
estimates  af  the  probability  that  a  woman  with  spe¬ 
cific  characteristics  will  develop  invasive  breast  can¬ 
cer  during  the  next  5  yeats,  and  by  age  90  years. 
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Asaeitment  of  Gsil  Mode)  in  Arypta 


The  Gad  moo  el  incorporates  information  on  nsk  factors  such  as 
jge,  age  at  raenarche,  age  at  first  live  birth,  number  of  first-degree 
relatives  with  breast  cancer,  number  of  prior  breast  biopsies,  and 
presence  of  atypia  on  biopsy.  It  is  currently  the  main  tool  used  for 
breast  cancer  nsk  assessment  in  patients  with  atypia.  Despite  its  wide¬ 
spread  us?,  the  Gall  model  has  not  been  validated  in  patients  with 
atypia.  Therefore,  we  evaluated  the  Gail  mndd  in  a  well-annotated,  well- 
char  jelerzed  cohort  of  women  with  atypia  on  open  breast  biopsy.1- 


MHEUtS  MmiilOi 


Details  of  the  study  cohort  have  been  prevbuslv  described.  ‘  “  *  Briefly,  the 
May.-.  Bengal  Breast  Diaraoe  lEBD )  cohort  comprise?  V, 37b  svntwen  age  18  to 
85  years  who  underwent  open  breast  biopsy  at  the  Mayo  Clinic  i  Rochester, 
MN )  between  1 967  and  1 99 1,  with  benign  pathologic  findings.  Women  with  a 
history  of  cuctal  carcinoma  in  situ.lobular  caianoma  instil,  cu  invasive  breast 
cancer  weic  excluded.  Benign  breast  tissue  hum  .ill  women  in  the  cohort  was 
r  ere  vies  vo-  by  our  study  pathologists  i  C.R.  and  Daniel  W  Viaschcr.  MDt 
without  knowledge  of  the  original  histologic  diagnosis  or  patient  outcome.  A 
diagnosis  cfarypid  ( atypical  ductal  hyperplasia,  atypical  lobular  hyperplasia,  or 
both i  was  made  in  331  women  ( 35%  ,i  using  the  standard  orient  and  histo¬ 
logic  classification  of  Dupont  and  Page 1JJI, The  study  wus  approved  by  the 
institutional  review  board  of  the  Mayo  Clinic  and  all  pviticnt  contact  matenals 
were  reviewed  and  approval 

Each  individual's  nsk  factors  for  lire  development  of  uivasive  breast 
cancer  wet  obtained  via  a  study-speufic  questionnaire  and  from  medical 
record  rev  rw.  Tire  most  current  data  available  for  each  nsk  factor  were  used 
FuUum-upWtisiiikuLjtcd  cis  die  muubci  of duv*  bum  benign  biopsy  lullic  dale 
of  invasive  breusf  cancer  diagnosis,  prophviictic  mastectomy,  death,  or  lost 
contact.  Dst  contact  was  either  last  return  visit  to  theMa>o  Qinicor  the  date 
of  return  of  the  study  questionnaire,  whichever  occurred  later.  Patients  were 
classified  as  having  either  developed  invasive  ?rcnst  oncer  or  noL  No  women 
developed  lobular  oaionoma  in  situ,  and  th<«c  who  developed  ductal  carci¬ 
noma  in  si  u  were  included  in  the  second  of  these  two  group's,  given  that  the 
Gail  mode  only  predicts  invasive  b  roast  can  err 

Using  age  at  biopsy  as  the  age  at  nsk  assessment,  the  Coil  model  was  used 
to  predict  5-year  risk  for  each  individual  with  atypia  using  her  nsk  factor 
profile.  Risk  estimates  corresponding  with  length  of  follow-up  for  each 
woman  ( termed  follow- up-^speahe  risk  estinatesi  were  also  calculated  To 
obtain  these  breast  cancer  nsk  estimates,  wc  employed  a  Fortran  program  that 
wus  provicoJ  to  us  by  NO  fM.  Gail,  I  Benichou,  D.  Pcc,  pcr<ondl  communi¬ 
cation  February  2007),  which  contains  the  code  compnstng  the  underlying 
calc  ula tier  machinery  used  in  NCT s  BCRAT  .The  stand ards  used  in  the  online 
Gail  mode  were  used  far  variables  with  missing  data  Women  with  unknown 
age  at  merjirchc  were  assigned  menaichc  at  4  Years  of  age  or  older.  Women 
with  unknown  age  at  first  live  birth  were  dassJied  as  giving  birth  before  age  20 
years.  Women  with  missing  family  histoiy  were  classified  as  having  no  family 
history  Tr  verify  agreement  between  the  code  wc  used  and  the  online  tool,  we 
randomly  selected  10  patients  and  compared  the  5-yenr  and  lifetime  risk 
«rimal<*s  nblmnrif  from  ihr  rrvfa  given  ns  tn  thrw  from  ihr  onlinr  risk 
osscssmcnl  tool.  All  nf  the  estimates  were  in  complete  agrccmenL 

The  Gail  model  risk  factors  of  the  women  with  atvpu  were  summarized 
using  courts  and  percentages,  or  means  and  -tandaid  deviations,  both  overall 
and  also  according  to  invasive  breast  cancer  4 al  us.  The  cumulative  incidence 
ofbrcast  cancer  was  estimated  using  methods!  hai  corrected  for  the  competing 
nsk  ofdctth.u  Cox  proportional  hazards  regression  models  were  used  to 
•isscss  associations  between  the  rid<  of  breast  oncer  and  each  of  the  Gail  model 
nsk  lactors.  Hazard  ratios,  their  LJs,  and  F  values  assessing  the  associa¬ 
tions  wercobtainod. 

Gail  model  predict  ions  were summanzed across  the  study  group.  Ranges 
of  fhe  predictions  were  extracted,  together  with  meats  and  standard  devia¬ 
tions,  tor  5-ycar  and  follow- up-spec  ifiensk  citimatcs.  The  distributions  of  the 
follow-up-specific  risk  estimates,  by  invojive  breast  cancer  status,  were  ob¬ 
tained  bv  computing  the  proportion  of  indiv duals  wbusc  rick  predictions  fell 


into  specified  categories.  A  graph  was  obtained  by  plotting  these  percent  ago 
against  the  ccnlcr  of  the  risk  prediction  categories,  and  linearly  interpolating 
the  points.  The  5-vearrisk  piedicfions.md  ibe  follow-  up-speerhe  prohabilitLcs 
were  aggregated  to  obtain  cstimitcsof  die  number  of  breast  cancers  predicted 
by  the  Gail  model,  both  overal  and  by  the  categories  of  the  Gad  model  rilk 
factors,  The  cxpeclcd  numbers  of  breast  cancers  were  com  pore  J  with  the 
oteerved  diagnoses  by  corapuLng  the  ratio  of  observed  to  expected  invasive 
hrrsKl  rsmcim;  "I«3*  nf  « ign I ftcanrr  and  0911,  flc  wenr  nblamrvl  <i<mg  the* 

Poisson  distribution. 

The  precision  with  which  the  Gail  model  predictions  agreed  with  ulti¬ 
mate  breast  cancer  events  was  assessed  with  fh c  concordance  staliaic  f  termed 
c -statistic  i.  This  statistic  is  equivalent  lo  the  area  under  the  receiver  operating 
characteristic  curve  fur  diagnostic  tests,  and  reflects  the  ability’  of  the  risk 
predictions  tocorrcctlyoc  der  individuals  rdalxvcto  the  timing  of the  observed 
breast  cancer  outcomes.  For  tine-to-event  outcomes,  it  is  computed  by  fann¬ 
ing  all  possible  pairs  of  patients  where  the  patient  with  the  shortc-  follow  -up 
i  line  expen  cnccd  breast  cancer,  and  by  tallying  the  number  of  pairs  where  the 
patient  with  the  early  event  had  a  higher  breast  cancer  nsk  saorc.,2CIs  for  the 
c -statistics  were  obtained  via  a  bootstrap  approach-  Given  that  »cveral  risk 
factors  had  missing  data,  a  second  set  of  analyse-  was  performed  fa  assess  the 
accuracy  and  prec  ision  of  the  Gail  model  in  the  women  with  complete  ccvan- 
atc  information. 


RESULTS 


Of  the  9  J7b  patients  in  the  Mayo  BED  cohort,  33 1  women  ( 3.5%)  had 
atvpia.  At  a  mean  follow-up  of  1 3.7  years,  58  of  the  331  wemeu  with 
atypia  < 175%)  developed  invaaivc  breast  cancer  (the  cases',  eight  in 
the  first  5  vean  after  biopsy  Among  the  331  patients  with  atypia,  75 
women  (22.7%)  died  while  in  active  follow-up  Nine  of  ihe  deaths 
were  among  the  patients  who  developed  cancel  and  66  were  among 
the  remainder  of  the  atypia  cohort, 

In  Table  1  we  list  the  Gail  model  features  for  the  331  wumen  with 
atypia.  In  Figure  1  we  show  the  age -specific  cumulative  incidence  of 
breast  cancer,  along  with  population  expectations  and  Gail  model 
predictions  for  this  cohort.  Table  l  also  lists  associations  between  Gail 
model  risk  factors  and  invasive  breast  cancer  onset  When  compari¬ 
sons  were  made  in  this  cohort  ot  women  with  atypia,  in  whom  58 
invasive  breast  cancers  were  observed,  no  statistically  significant  asso¬ 
ciations  were  apparent 

Aggregate  Performance 

The  Gail  model  predicted  an  average  5-year  breast  cancer  risk  of 
4.2%  (standard  deviation,  27%;  range,  0  3%  to  18.8%).  This  equated 
to  a  predicted  total  of  13 J?  breast  cancers  within  5  years.  In  this  time 
interval,  eight  invasive  breist  cancers  were  observed  Tb?  ratio  of 
observed  to  prediciad  ewnte  wax  05$  t 959oCI,0.29to  1.1 5,P  ~  .120i 

When  used  to  predict  the  risk  of  breast  cancer  by  the  ?nd  of  the 
current  follow-up,  the  mean  Gail  model  risk  was  105%  I  standard 
deviation,  8.2%;  range  0.4%  to  54.1%i.  These  risk  estimates  predicted 
that  34.9  women  would  experience  an  invasive  breast  cancer  during 
the  time  for  which  follow-up  was  available.  The  observed  count  of  58 
events  during  the  observation  period  was  significantly  hulier  than 
predicted  . ratio,  l.b«95%CI,  1.29 to 2.15; P<. 001) 

Table  2  summarizes  the  number  of  events  observed  in  our  cohort 
and  the  number  of  events  predicted  by  the  Gail  model  for  each  Gail 
model  risk  factor.  The  Gai  model  underestimated  the  rumber  of 
breast  cancer*,  both  overal  and  in  the  maionty  of  the  risk-factor 
defined  subgroups. 
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Table  1.  Characteristics  ©t  the  Women  With  Atypia  According  to  Wnetner  Tn~y  Deve'cced  6'esa:  Cancer 


No  Invasive  Invasive 


AH  Patients 

Cancer 

Career 

in 

-  3311 

in 

-  273, 

m  -  58) 

Choraotoriatlo 

No. 

S4 

Mo. 

SC 

No. 

<K 

Mosond  Ratio* 

06%  Cl* 

Pf 

Age  a!  biopsy,  years 

903 

<  4S 

4$ 

13.9 

37 

i 1 

9 

15.5 

1.04 

0.71  to  1  61 

4&6E 

ICO 

30.2 

70 

25.6 

22 

37.9 

1-07 

090  to  142 

>  SB 

1SE 

55.9 

150 

57.9 

27 

46.6 

Ref 

Mean 

56.0 

58.7 

64.5 

099 

0  96  to  1.01 

.262 

Standard  deviation 

Age  at  menarche.  years 

12.0 

12.5 

9.0 

398 

12 

39 

11.0 

29 

10.6 

10 

17.2 

1.85 

0.86  to  3.99 

12-13 

119 

36.0 

100 

36.6 

19 

328 

Ref 

■>  13 

57 

17.2 

46 

IC| 

11 

19.0 

1.31 

0.63  to  2.76 

Unknown 

Age  at  first  'iwe  bitfft  years 

116 

35.0 

90 

35.9 

18 

31.0 

1.53 

0.80  to  2.92 

269 

Nuiliparoufi 

43 

13.0 

35 

12  a 

3 

13.8 

1.46 

0.62  to  3.38 

<20 

39 

11.0 

35 

12.8 

4 

6.9 

0.60 

0  20  to  1,00 

20-24 

104 

23.3 

80 

32.2 

16 

27.6 

Ret 

25-29 

73 

22.1 

56 

201 

ia 

31.0 

160 

086  to  3.30 

*30 

31 

9.4 

27 

9.9 

4 

6.9 

092 

0.31  to  2.75 

Unknown 

Firec-oegree  relatives  with  breast  cance- 

41 

12.4 

33 

12.1 

8 

13.8 

1  70 

0  75  to  4.12 

,263 

0 

200 

69.4 

159 

56.2 

41 

70.7 

Ref 

1 

73 

22.1 

63 

23  1 

10 

17.2 

0.69 

0.25  to  1 .92 

22 

14 

4.2 

13 

4.8 

1 

1.7 

1  16 

0.75  »  1 ,79 

Unknown 

44 

13.3 

30 

13.9 

6 

10.3 

1  19 

0.97  to  146 

Mo.  of  Diop6iee* 

1 

229 

69.2 

189 

€9.2 

40 

89.0 

Ret 

491 

*2 

102 

30.0 

84 

30.3 

18 

31.0 

1.10 

0.83  to  146 

Abbreviation:  Ref.  reference. 

‘HazB.'d  r3tic«  snd  corresponding  95^  CIs  from  a  Cox  proportional  nacarps  regression  model 

+F  value  testing  the  null  hypothesis  that  ail  categories  for  the  feature  of  interest  have  eaual  breast  cancer  risk. 

tAs  an  enrollment  criterion,  each  of  the  women  in  the  cohort  nad  at  least  one  bicp3y. 


Individual-Specific  Performance 

Figure  2  shows  the  distributions  of  the  Gail  model  risk  estimate 
tor  women  who  did  and  did  not  develop  Invacive  breast  cancer.  Thebe 
distributions  are-  shown  adjusted  to  the  mean  follow-up  time  of  1 3  7 
years  and  to  the  mean  age  at  atypia  of  58.0  years  This  was  done  to 
eliminate  bias  induced  by  the  cortrols'  having  longer  follow-up  than 
the  patients,  given  that  follow-up  for  patients  stops  at  the  time  of 
diagnosis  ofbreast  cancer,  and  to  account  for  differential  risk  estimates 
by  age  at  d  lag  nos  is  of  atypia.  V Vitha  model  that  perfectly  discriminates 
between  groups,  the  two  distnhutions  would  not  overlap.  Here,  there 
is  extensive  overlap  between  nsk  estimates  for  the  patients  and  non¬ 
cases.  The  age  and  foDow-up  adjusted  average  risk  predictions  are 
slightly  lower  in  the  patients  <100%  ±  5.4%  v  10.7%  ±  73%),  al¬ 
though  not  significantly  (P=  .463) 

The  concordance  between  observed  and  predicted  invasive 
breast  cancer  events  after  5  years  a*  measured  by  the  .-statistic,  was 
0.47  <95%  <11, 031  tn  0.73),  not  sienificantlvdifferent  from  the  value  of 
03  that  would  be  expected  by  chance  tF  =  792 j.  When  using  rite  risk 
estimates  specific  to  the  length  of  follow-up,  the  c-statistic  was  0.50 
( 95%  Cl,  0.44  to  0.55 ».  not  significantly  different  from  the  value  of  0.5 
expected  by  chance  (P  =  .915 ). 

To  determine  the  degree  to  which  missing  data  affected  estimates 
of  the  accuracy  of  the  Gail  model  predictions,  we  recomputed  the 
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prediction  accuracy  within  the  192  individuals  (58%)  with  complete 
data.  As  an  additional  sensitivity  analysis,  we  also  recomputed  the 
prediction  accuracy  in  all  participant!  afrer  imputing  the  value  that 
would  lead  to  the  highest  lisk  prediction.  The  observed-to-expected 
ratio  of  invasive  breast  cancers  in  those  with  complete  data,  at  1.44 
( 95%  <1 1,  1.04  to  2,00).  was  somewhat  lower  than  the  value  of  1.66 
observed  in  all  331  women.  However,  this  srQJ  reflected  3  significant 
discrepancy  between  the  Gail  model  predictions  and  the  observed 
Invasive  cancers  among  this  subgroup  of  women  with  complete  data 
( P  =  .028  ).  The  c-statistic  in  the  complete-data  subset  was  somewhat 
higher  (0.53)  than  what  we  observed  in  the  entire  cohort  (0.50).  Even 
when  imputing  in  a  way  that  leads  to  the  highest  possible  number  of 
exported  cancers,  thr  obseived-to-expected  ratio  was  still  significantly 
inflated  <  1 .32, 95%  Cl,  L.02  to  1 .70;  P  =  .03o),  whereas  the  c-statistic 
( 0  52 )  was  similar  to  what  was  obsetved  in  the  complete-data  subset 


DISCUSSION 


We  studied  the  Gail  model  in  a  well-defined  cohort  of  women  with 
atypia  with  an  average  follow’-up  of  nearly  14  years.  Measuring  the 
performance  of  the  model,  the  made!  slightly  overpredicted  the 
number  of  invasive  breast  cancers  during  the  first  5  years,  but 
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Rg  t.  Cumulative  incidence  of  invasive  breast  cancer  among  women  with 
atypical  Hyperplasia  (etypial  as  a  function  of  age  The  red  line  represents  the 
cumulative  incidence,  corrected  for  the  competing  risk'  of  aeatn,  in  the  atypia 
cohort  For  comparison,  two  lines  reoresenting  the  Gail-pradicted  ana  the 
osseiine  population  rsks  are  indudad.  The  blue  line  reflects  the  cumulative 
incidence  predicted  b>  the  Gail  model  in  thiE  oohori.  ana  the  gr3y  lire  reoreeenTs 
the  cumulative  incidence  that  serve®  as  the  baseline  risk  for  white  women  In  the 
Gail  model  calculations. 


substantially  underptedictcd  the  number  of  invasive  breast  cancers 
during  the  1 3.7  years  of  follow-up.  The  individual-specific  agree¬ 
ment  between  the  Gail  model  predictions  and  actual  breast  cancer 
outcomes  was  low.  For  the  first  5  years  alter  biopsy  the  c- statistic 
was  0.47  (95%  Cl,  0_21  to  0.73),  no  better  than  chance  alone. 


During  the  entire  0  7  years  of  follow-up,  the  Gail  model  predic¬ 
tions  were  concordant  with  invasive  breast  cancer  outcomes  50% 
or  the  time  (95%  CIV  44%  to  55%  j,  also  not  significantly  better  than 
chance  This  finding  is  lower  than  assessments  tf  the  Gail  model  in 
other  cohorts,  where  c -statistics  nf  0.58  to  05915-  u  have  been 
reported,  although  the  upper  limit  of  the  Cl  approaches  these 
previously  reported  values. 

This  cohort  consists  of  a  large  collection  of  women  with  atypia. 
However,  as  we  assessed  the  quality  of  the  risk  pivdictions  of  the  Gail 
model,  there  were  women  tor  whom  complete  covariate  information 
was  not  available  ( Table  I).  When  we  recomputed  the  risk  estimates  in 
the  subset  of  women  with  complete  data,  the  estimates  were  similar 
The  c-statistic  in  the  complete-data  subset  indicated  performance 
similar  to  what  was  observed  in  the  entire  cohort  Even  in  the  situation 
where  the  missing  data  were  imputed  in  such  a  way  as  to  produce  the 
maximum  number  of  predicted  breast  cancers,  the  Gail  model  still 
predicted  a  significantly  lower  number  of  breast  cancer  events  than 
were  observed  Thus,  it  seems  unlikely  that  the  level  of  missing  data 
can  explain  the  underestimate  of  breast  cancer  risk  that  is  re¬ 
ported  here. 

Clinical  management  of  women  diagnosed  with  atypia  in¬ 
cludes  quantitative  breast  cancer  risk  assessment,  comprehensive 
discussion  of  risk  reduction  strategies,  and  recjmmendations  for 
future  breast  cancer  screening.  The  currently  available  risk  reduc¬ 
tion  options  include  chemoprevention  with  agents  such  as  tamox¬ 
ifen  or  raloxifene,*3'^  surgical  therapy  with  prophylactic  mastectomy, 
and/or  lifestyle  modification.  Unfortunately,  lifestyle  modifications, 


Title  2  Comparison  of  Observed  and  Preaictea  Breast  Career  Events  by  Gail  Mode-1  Risk  Factors  for  Invasive  Bfeast  Cancer  After  Diagnosis  of  Atypia 


-  Observed  Predicted  Ratio  Observed:  Fredeted 

Characteristic  No.  %  Per9on-Years  Events  Events*  Events  96%  Cl 


Overall 

331 

4.6432 

58 

34.9 

IjG6 

1.29  to  2.16 

Age.  years 

46 

46 

13.9 

678.2 

9 

3.9 

228 

1  19  to  4.35 

46-55- 

100 

30.2 

1.540.0 

22 

10.7 

1.90 

1.36  to  3.1 4 

-  66 

186 

55.9 

2.326.0 

27 

20.3 

1.15 

0.91  to  1 .94 

Age  at  menerche.  ywrs 

<  1 2 

39 

11.8 

5629 

10 

5.0 

1.09 

1.07  So  3.69 

12  to  13 

119 

36.0 

1,878.7 

19 

1E.3 

124 

0  79  to  1  95 

>  13 

57 

17.2 

8418 

11 

6.8 

1.62 

0.90  to  2.93 

Unknown 

116 

36.0 

1.2599 

18 

7.8 

2.32 

1.46  So  3.68 

Age  at  first  live  Dirtf.  years 

Nulliparous 

43 

13.0 

5313 

8 

4.3 

1.88 

0.94  to  3.76 

<■  20 

39 

11.7 

610,4 

4 

4.2 

066 

0.36  to  2.56 

20-24 

104 

23.3 

1,475.2 

16 

1 1.5 

1.39 

0  85  to  2.27 

25-29 

73 

::  i 

1.080.2 

18 

3.5 

2  12 

1.34  to  3.36 

a:  30 

31 

94 

433.0 

4 

3.9 

1. 04 

0.39  to  2.77 

Unknown 

41 

12.4 

463.2 

8 

2.6 

3.07 

1  54to6.1E 

First-degree  relative*  with  breast  cancer 

0 

200 

60.4 

2.736  2 

41 

16.2 

2.52 

1 .66  to  3.43 

1 

73 

2Z1 

1,0427 

10 

11.6 

0.87 

0  47  to  1.62 

=t2 

14 

A2 

2089 

1 

4.3 

0.23 

0.03  to  1.64 

Unknown 

44 

13.3 

656,4 

e 

2.8 

2.  IE 

0.97  to  4.79 

f-i  umber  of  bicosies 

1 

229 

092 

2,9913 

40 

21  0 

190 

1.40  to  2. 80 

2:2 

102 

30.8 

1,552.0 

18 

13.9 

1.30 

0.82  to  2.06 

•Calculated  oy  ace/yina  observed  person -veers  of  follow-up  to  Gail  model  risk  addiction  estimates. 
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FU  Distributions  of  Geil  model  risk  probabilities  in  women  with  atypis  who 
developed  breast  cancer  leases)  and  '.no6e  who  did  not  (noncasee).  The  plot 
contains  estimates  for  Indvidualded  risk  at  the  srd  of  the  available  fo  c/.v-uo 
Given  that  risk  predictions  depend  on  aoe  at  benign  cress •  disease  IBBDI  and 
'ength  of  fo  ow-up,  the  risk  preact'ons  were  corrected  for  these  factors  before 
comparison.  The  graph  represents  the  percent  of  women  whose  Gail  mooei  risk, 
predictions  fell  '.vim r  categories  -tanging  from  0.0  to  0.6  in  0.06  increments. 
Points  connected  with  lines  to  facilitate  comparison  between  case  end  noncase 
percentages.  Though  the  -cases  received  more  predictions  in  the  10fa  to  16% 
interval  then  ihe  non-ceses.  rneit  average  risk  prediction  wbe  slightly,  although,  net 
significantly,  lower- 

such  as  adoption  of  a  healthy  diet,  maintenance  of  a  healthy  weight, 
and  avoidance  of  smoking  and  smoking  environments  do  not  seem 
to  provide  a  substantive  reduction  in  risk  of  breast  cancer.  Chemo- 
prevention  requires  consideration  of  the  risks  and  benefits  of  the 
medications  and  surgical  intervention  can  be  associated  with  sig¬ 
nificant  morbidity  Gail  et  al17  provide  a  useful  overview  regarding 
the  risks  and  benefits  of  using  tamoxifen,  and  demonstrate  that  the 
use  of  tamoxifen  in  women  with  atypiu  provides  a  net  benefit  With 
more  reliable  assessments  of  breast  ca  ncer  risk,  it  wifi  be  possible  to 
provide  even  better  counsel  to  patients  as  they  consider  risk  reduc¬ 
tion  strategies. 

Atypiu  was  not  included  in  the  initial  development  of  the  Gail 
model  due  to  a  lark  of  pathologic  assessment  lor  all  women  in  the 
Breast  Cancer  Detectionand  Demonstration  Project  Thus,  atypia  was 
added  to  the  original  model  using  estimates  of  the  population  preva¬ 
lence  of  atypia,  and  the  relative  risk  for  breast  cancer  associated  with 
atypia  This  modification  was  based  on  a  prevalence  of  atypia  of  7.B%, 
and  relative  risk  for  breast  cancer  of  1  ,96.‘  However,  recent  studies 
evaluating  file  risk  of  atypia,  based  on  tile  more  stringent  criteria  of 
Dupont  and  Page, '  have  all  reported  higher  relative  risks  with  atypia  ( 3 
to  5. 3), 15  andlovver  prevalence  t  approximately  4%),  This  may  explain 
the  underestimates  that  we  report  here 

Another  potential  explanation  of  the  observed  underestimate  is 
that  the  Gail  model  is  intended  as  a  prospective  risk  prediction  tool, 
and  accounts  for  death  as  a  competing  risk  This  results  hi  lower 
predicted  probabilities.  In  our  .study,  we  used  the  Gail  model  to  predict 
risk  in  women  for  whom  outcomes,  including  death,  had  already  been 
observed.  To  assess  the  degree  to  which  the  competing  risk  of  death 
might  have  influenced  the  results  of  our  comparison  to  the  Gail 
model,  we  recomputed  the  Gail  model  risk  probabilities  while  ac¬ 
counting  for  death  as  a  competing  risk  in  the  most  extreme  way 
possible.  That  is,  we  considered  women  who  died  to  still  have  been  at 


risk  until  they  would  have  reached  age  90  years.  Even  in  this  extrern 
case,  the  Gail  model  significantly'  underpredicted  the  number  ofbieas 
cancer  events  ( observed-to-expected  ratio,  1 .44;  9S% '  I,  II  l  to  I  .St 
P  =  006).  However,  this  approach  did  result  in  a  higher  c-statisti 
(0.55;  95%  Cl.  0.49  to  fl.bO) 

1  he  Gail  model  has  Seven  studied  in  several  settings;  however,  t 
our  knowledge,  data  regarding  atypia  were  not  available  in  tbos 
validation  studies  U  In  general  the  model  has  lulfilled  its  origin; 
goal — to  identify  groups  of  at-risk  women  suitable  forchemopreven 
tion  trials.M1'“'ii  However,  the  model  is  increasingly  used  dinicall 
to  predict  risk  of  individual  women,  and  here  the  Gail  model  ( are 
others!  falls  short  of  the  precision  required  to  make  treatment  reconi 
mendations  for  individual  patients.“'1AiiJ3  Better  performance  for 
population  than  an  individual  by  these  models  is  explained  becaus 
the  models  were  derived  bv  averaging  information  across  groups  c 
individuals.  When  such  models  are  based  on  large  representativ 
groups  of  patients,  this  leads  to  predictions  that  are  well  calibrate 
within  an  entile  group,  but  do  not  guarantee  accurate  predictions  fo 
specific  individuals  within  these  groups. 

T o  our  knowledge,  this  article  is  the  li  rst  report  on  the  <  jail  mo  d> 
exclusively  in  women  with  atypia.  It  uses  data  from  a  large  cohor 
defined  by  contemporary  pathology  review,  with  detailed  risk  fecta 
information  and  long-term  follow-up.  It  is  limited  predominantly  b 
the  small  number  of  patients  that  developed  breast  cancer  and  use  c 
data  from  open,  rather  than  core,  biopsy. 

The  Gail  model  uses  demographic  and  clinical  factors  It  is  pos 
sible  that  risk  assessment  could  be  improved  through  use  of  tissue 
based  risk  factors,  which  should  be  feasible  for  all  women  wh 
undergo  a  breast  biopsy  with  benign  findings  tan  estimated  one  mil 
lion  such  women  in  the  United  States  alone  each  year).'"  **  CWofth 
hypotheses  of  breast  cancer  development  is  the  existence  of  a  confin 
uum.  wherein  breast  cells  undergo  successive  alteratioas  at  a  molecu 
lar  level  that  lead  from  normal  epithelium,  to  excess  proliferation,  .in 
then  to  atypia,  carcinoma  in  situ, and  ultimately  invasive  carcinoma/ 
If  this  hypothesis  is  accurate,  then  tissue-based  and  molecular  assess 
merits  that  reflect  the  current  state  of  the  at-risk  tissue  will  like! 
provide  information  leading  to  more  accurate  risk  predictions  Fc 
example,  in  this  atypia  cohort  the  risk  factors  included  fo  the  Ga 
model  do  not  stratify  risk  T  o hie  1 1  Presumably,  (he  risk  inherent  i 
these  factors  (eg,  family  history)  is  already  reflected  fo  the  tissue  pile 
notyp;  of  atypia  We  have  recently  shown  that  pathologic  assessmen 
of  number  of  foci  with  atypia  on  biopsy  stratifies  risk  of  dies 
patients  1  We  have  also  shown  that  die  presence  of  lobular  involu 
tion  in  background  breast  tissue  and  cyclo-oxygenase  2  overex 
pression  further  stratifies  risk  in  women  widi  atypia-”"*  Addition; 
ivork  in  groups  of  women  with  measurements  of  tissue-base 
biomarkers  as  well  as  breast  cancer  outcomes  is  likely  to  provid 
important  information. 

In  summary,  our  findings  suggest  that  Gail  model  risk  estimate 
for  our  cohort  ofwomen  with  atypia  are  significantly  lower  than  whs 
was  observed  with  long-term  foUow-up.  At  the  level  of  the  individua 
there  was  low  concordance  between  the  Gail  model  predictions  an 
•iciual  breast  cancel  events.  This  study  underscores  the  need  for  cau 
tion  when  using  the  Gail  model  to  counsel  individual  women  wit. 
atypia  regarding  their  risk  ol  developing  invasive  breast  cancer  Addi 
tional  research  is  required  to  identity  highly  predictive  markers  c 
breast  cancer  risk,  and  to  incorporate  these  markers  into  a  mor 
accurate  model  for  use  in  this  high-risk  population. 
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ABSTRACT 

Background:  Accurate,  individualized  risk  prediction  for  breast  cancer  is  lacking. 
Tissue-based  features  may  help  to  stratify  women  into  different  risk  levels.  Breast 
lobules  are  the  anatomic  sites  of  origin  of  breast  cancer.  As  women  age,  these  lobular 
structures  should  regress,  which  results  in  reduced  breast  cancer  risk.  But  this  does  not 
occur  in  all  women. 

Methods:  We  have  quantified  the  extent  of  lobule  regression  on  a  benign  breast  biopsy  in 
85  breast  cancer  cases  and  142  age-matched  controls  from  the  Mayo  Benign  Breast 
Disease  Cohort,  by  detennining  number  of  acini/lobule  and  lobular  area.  We  also 
calculated  Gail  model  5-year  predicted  risks  for  these  women. 

Results:  There  is  a  step-wise  increase  in  breast  cancer  risk  with  increasing  numbers  of 
acini/lobule  (p  0.0004).  Adjusting  for  Gail  model  score,  parity,  histology  and  family 
history  did  not  attenuate  this  association.  Lobular  area  was  similarly  associated  with  risk. 
The  Gail  model  estimates  were  associated  with  risk  of  breast  cancer  (p-0.03 ).  We 
examined  the  individual  accuracy  of  these  measures  using  the  concordance  (c)  statistic. 
The  Gail  model  c  statistic  was  0.60  (95%  Cl;  0.50-0.70);  the  acinar  count  c  statistic  was 
0.65(95%  Cl;  0.54-0.75).  Combining  acinar  count  and  lobular  area,  the  c statistic  was 
0.68  (95%  Cl;  0.58-0.78).  Adding  the  Gail  model  to  these  did  not  improve  the  c  statistic. 

Conclusion:  Novel,  tissue-based  features  that  reflect  the  status  of  a  woman’s  normal 
breast  lobules  are  associated  with  breast  cancer  risk.  These  features  may  offer  a  novel 
strategy  for  risk  prediction. 


INTRODUCTION: 

The  medical  community’s  ability  to  predict  risk  of  breast  cancer  for  individual 
women  is  very  limited. 1  1  In  other  tissues,  optimal  cancer  risk  prediction  can  occur  when 
the  tissue  at  risk  is  examined  for  evidence  of  premalignant  change  (e.g.  cervix, 
esophagus,  colon).  Presumably  the  field  of  normal  tissue,  exposed  to  an  individual’s 
endogenous  and  exogenous  risks,  responds  with  a  phenotype  (e.g.  proliferation,  atypical 
cells)  that  refleas  the  increased  risk.  While  breast  tissue  is  not  readily  available  for 
routine  clinical  assessment,  women  with  benign  breast  disease  have  had  breast  tissue 
removed  in  the  course  of  their  care  and  have  an  increased  risk  of  a  later  breast  cancer.'1’ 

Current  characterization  of  benign  breast  tissue  focuses  primarily  on  the  degree 
and  type  of  epithelial  hyperplasia,  but  this  focus  may  overlook  other  important,  easily 
assessed  features.4  6  The  breast  is  organized  into  15-20  major  lobes,  each  composed  of 
lobules  that  contain  the  milk-forming  acini.  The  lobule  (or  terminal  duct  lobular  unit, 
TDLU)  is  the  anatomic  substructure  thought  to  give  rise  to  breast  cancer.  Normal  aging 
results  in  the  physiologic  regression  (or  involution)  of  breast  lobules  (Figure  1  ).8_l 1  With 
regression,  there  is  progressive  loss  of  acini  within  the  lobular  units  and  replacement  of 
specialized  intralobular  connective  tissue  with  the  collagen  more  typical  of  the 
interlobular  region  (Figure  I  ).8  We  prev  iously  showed  that  breast  cancer  risk  decreases 
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with  regression  of  lobular  units,  assessed  qualitatively  as  no,  partial,  or  complete 
involution.11 

We  hypothesized  that  a  quantitative  assessment  of  involution  could  be  developed 
as  a  more  precise  and  physiologic  measure  of  breast  cancer  risk.  Thus,  in  a  nested-case 
control  series  within  the  Mayo  Benign  Breast  Disease  Cohort,  we  have  calculated  the 
number  of  acini  within  normal  lobules  and  average  lobule  size.  Here  we  show  the  risk 
prediction  capabilities  of  lobule  status  and  compare  these  results  to  :he  current  standard,  a 
Gail  model  assessment  of  risk  performed  in  the  same  women. 

METHODS: 

Study  population 

We  performed  a  nested-case  control  study  within  the  Mayo  Benign  Breast 
Disease  Cohort.  This  cohort  includes  all  women  (n-9,376)  who  had  an  open  breast 
biopsy,  with  benign  findings,  at  Mayo  Clinic  between  1-1-1967  and  12-3 1-1 991. 411 
Median  follow-up  tot  breast  cancer  events  is  1 6.9  years. 1 '  for  cohort  members,  we 
assembled  risk  factor  and  outcomes  data  from  a  study'  specific  questionnaire  and  the 
Mayo  Clinic  medical  record.  Study  pathologists  characterized  the  benign  biopsies, 
including  the  extent  of  lobule  regression. 1 1  All  patient  contact  materials  and  procedures 
were  reviewed  and  approved  by  the  Mayo  Clinic  Institutional  Review  Board. 

For  the  current  study,  we  selected  a  random  sample  of  100  cases  who  developed 
breast  cancer  from  the  cohort,  stratified  by  five-year  categories  of  year  of  benign  biopsy 
to  represent  the  entire  spectrum  of  the  cohort.  We  matched  two  controls  to  each  case 
based  on  age  and  year  of  benign  biopsy.  Of  these  subjects  selected,  85  cases  and  1 42 
controls  had  adequate  tissue  available  for  assessment. 

Assessment  of  lobular  status 

Extent  of  lobdar  regression  was  prev  iously  characterized  qualitatively  by  the 
study  pathologist  as  none  (0%  TDLUs  regressed);  partial  ( I  -74%  regressed)  or  complete 
(>75%  regressed). 1 1  For  the  quantitative  assessments,  one  1 1  &  E  stained  slide  per 
subject  was  scanned  into  the  computer  and  analyzed  using  WebSlide  Browser  software 
(Bacas  Labs  product)  This  software  allowsthe  measurement  of  structural  features 
(lobular  area,  acini  number)  as  visualized  by  light  microscopy  (Figure  2). 

The  ten  largest  normal  lobules  were  assessed  for  each  patient  by  one  observer 
(KPV1 )  without  knowledge  of  case  status  or  previous  pathologic  assessment.  If  fewer 
than  ten  nomtal  lobules  were  present,  all  were  assessed.  Analysis  included  (i)  counting 
the  number  of  individual  acini  per  lobular  unit  and  (ii)  delineating  the  circumference  of 
the  lobule  to  measure  its  area  in  square  microns  (Figure  2).  We  defined  countable  acini 
as  nuclei  forming  a  distinct  circular  pattern  with  or  without  the  presence  of  a  discernible 
lumen.  Distinct  lobules  were  defined  by  the  presence  of  intersecting  stromal  tissue. 
Abnormal  lobules,  namely  those  that  contained  large  portions  of  terminal  ducts,  atypical 
lobular  or  ductal  hyperplasia,  sclerosing  adenosis,  large  cysts,  or  proliferative  disease 
without  atypia  were  not  included. 
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itiilih 

A  random  sample  of  82  slides  (25  cates  and  57  controls)  wav  read  by  a  second 
observer  (JLC)  using  die  quantitative,  manual  method  described  abov  e,  A  different 
approach,  automated  analysis,  was  performed  on  another  random  sample  of  95  slides  (28 
cases  and  67  controls)  using  the  Automated  Cellular  Imaging  System  (AGS  5  III) 
instrument  (Dako,  Carpinteria,  C  A).  The  AC  S  s  III  automatically  scanned  the  study 
slides  at  4x  magnifica:ion  to  obtain  an  overall  image.  The  images  were  then  \  isually 
analyzed  (by  DM )  to  determine  the  1 0  largest  normal  breast  lobules  (or  less  if  diere  were 
not  10  lobules  present  on  the  slide).  Area  measurements  w  ere  determined  by  tracing  an 
outline  of  die  lobules  ising  the  “free- form “  Tracing  root  Breast  acini  were  counted 
within  each  lobule  usuig  die  “!00x"  cucle  scoring  tool.  Area  measurements  and  the 
number  of  acini  w  ere  calculated  by  the  instrument  and  exported  from  the  AGS  '*  III 
program  to  a  spreadsheet  for  statistical  analysis. 

Giiil  imiJcl  calculation* 

Using  age  at  benign  biopsy  as  the  ageat  risk  assessment,  the  Gail  model  [NCI 
Breast  Cancer  Risk  Assessment  Tool,  (imp,  'cancei  .gov  hcnsktooil|  was  used  to  predict 
the  five-wear  risk  of  breast  cancer  for  each  of  the  women  using  then  risk  factor 
profile.1'13  To  calculate  these  estimates,  we  employ  ed  a  FORTRAN  program  provided  to 
us  by  die  NCI  (Gail  V,  Benichou  .1.  Pee  D  [Information  Management  Sen  ices. 

Rockville.  MD]  personal  communication)  which  we  have  used  previously.3  This 
program  contains  die  :ode  that  comprises  the  underlying  calculation  machinery  used  in 
the  NCI's  Breast  Cancer  Risk  Assessment  Tool  (BCR AT).  Tor  variables  with  missing 
data,  we  used  die  standards  in  the  online  Gail  model.  To  verify  agreement  between  the 
code  w  e  used  and  the  online  tool,  we  randomly  selected  10  subjects  from  our  cohort  and 
compared  the  5-year  and  lifetime  risk  estimates  obtained  from  the  code  given  us  to  those 
from  the  online  risk  assessment  tool.  ’  All  of  the  estimates  were  in  complete  agreement. 

Statistical  analyses: 

We  studied  two  measures  of  involution:  die  number  of  acini  per  lobule  and  lobule 
size.  Primary  analyses  used  the  median  of  the  values  obtained  across  the  multiple  lobules 
measured  for  each  woman.  Secondary  analy  ses  that  incorporated  the  values  for  all 
lobules  were  also  performed,  using  repeated  measures  approaches,  kit  results  were 
similar  to  those  modeling  die  medians  and  di.us  are  not  shown. 

We  compared  distributions  of  nuinbei  of  acini  and  lobule  area  across 
demographic  and  clinical  variables  using  general  linear  mixed  models,  accounting  for  the 
matched  study  design  by  fitting  each  case  control  net  an  a  random  iir.ercept  term.  Due  to 
data  skewness,  analyses  were  run  using  log-transformed  values.  The  resulting  least 
squares  meansand  05 ‘n  confidence  intervals  were  then  back-transformed  to  their  original 
sampling  units.  We  examined  correlations  between  number  of  acini  and  lobule  area; 
between  these  measures  and  our  original  diree  categories  of  involution  (none,  partial, 
complete),  and  between  the  quantitative  measures  obtained  by  the  two  manual  observers 
and  the  AC  IS  method,  using  Pearson  correlation  coefficients,  again  based  on  the  log- 
transformed  values. 
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We  assessed  associations  between  number  of  acini,  lobule  area,  and  Gail  model 
risk  estimates  with  breast  cancer  risk  using  conditional  logistic  regression  analysis.  We 
first  modeled  each  variable  as  categorical,  pooling  values  into  four  to  six  distinct  groups. 
We  then  assessed  dose-response  effects  by  fitting  each  as  a  continuous  variable  in  the 
logistic  model.  These  latter  analyses  were  carried  out  using  log-tra  ns  formed  values  for 
acini  and  area,  as  assessments  of  their  functional  form  revealed  sub-optimal  model  fit 
using  the  data  in  its  original  scale.  We  examined  univariate  associations  and  models  with 
var  ious  combinations  of  the  following  var  iables,  the  five-year  Gail  Model  risk  prediction 
score,  number  of  live  births,  family  history,  and  histologic  findings.  Using  the  risk 
estimates  from  the  logistic  models,  we  examined  the  risk  prediction  capabilities  of  these 
variables  using  concordance  (c)  statistics.  These  statistics  can  be  interpreted  as  the  area 
under  the  receiver  operating  characteristics  (ROC)  curve,  or  alternatively  as  the  average 
sensitivity  of  the  variable  across  all  possible  levels  of  specificity.  We  used  a  modified  c 
statistic  to  account  for  the  matched  study  design,  calculating  the  number  of  case-control 
pairs  in  each  set,  as  well  as  the  number  of  “concordant"  pairs  (those  for  which  the  case’s 
predicted  risk  exceeded  the  control's),  then  aggregating  across  all  matched  sets.  95% 
confidence  intervals  (Cl )  were  calculated  using  5000  bootstrap  samples  of  case-control 
sets. 


RESULTS: 


Patient  characteristics 

A  total  of  227  patients  were  included  in  the  nested  case  control-study:  85  women 
who  went  on  to  dev  clop  breast  cancer  (cases)  and  their  142  age-matclrec  controls.  Tire 
median  follow-up  for  all  participants  was  16.2  years.  The  median  follow-up  for  controls 
was  1 8.6  years;  for  cases,  9  years  (follow-up  ceases  after  breast  cancer  diagnosis).  The 
mean  age  at  benign  biopsy  was  52.1  years.  The  patient  characteristics  are  prov  ided  in 
Table  1. 

Number  of  acini  per  lobule  (acinar  count) 

As  expected,  the  av  erage  number  of  acini  per  lobule  was  associated  with  the 
pathologist's  qualitative  category  of  involution.  Namely,  women  with  no  involution  had 
a  higher  mean  acinar  count  [32.0  (95%  Cl  26.4-38.8)]  than  women  with  partial  involution 
[19.7  (95%  Cl  17-5-2222)]  or  complete  involution  [7.7  (95%  Cl  5.8-10.3)]  (p<0.0001 ). 
When  comparing  the  acinar  count  with  histologic  category  [non-proliferative  (NP), 
proliferative  disease  without  atypia  (PDWA),  atypical  hyperplasia  (All)],  the  means  were 
not  significantly  different  ( 18.8  [95%CI:  16.1-22.0],  22.1  [95% Cl:  18.6-26.3],  and  18.6 
[95%  Cl:  13.2-26.2],  respectively)  (p-0.309).  The  acinar  count  for  women  with  a  family 
history  of  breast  cancer  was  22.9  (95%  Cl:  19.0-27.6)  vs.  18.3  (95%  Cl:  16.4-2 1.6)  for 
those  with  no  family  history  (p-  0.0683 ). 

When  comparing  the  acinar  count  for  cases  vs.  controls,  women  w  ho  developed 
breast  cancer  had  significantly  more  acini  per  lobule  (24.3)  than  women  who  remained 
unaffected  (17.8)  (p-0.0008).  In  Table  2  we  show  a  step-wise  increase  in  risk  ofbreast 
cancer  with  increasing  numbers  of  acini/lobule  (p  0.0004).  This  association  was  similar. 
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if  not  slightly  stronger,  after  adjusting  for  the  Gail  model  five-year  risk  score  i  p-0.0001 , 
fable  1).  We  examined  acinar  count  and  breast  cancer  risk  by  nonproliferative  vs. 
proliferative  histologies  and  saw  a  similar  dose  response  association  in  both  groups  (data 
not  shown).  Further  adjustment  for  other  potential  confounders  including  parity  and 
family  history  did  not  attenuate  the  observed  association. 

Because  time  front  benign  biopsy  to  breast  cancer  varied  from  1 1  months  to  27 
years  in  our  cases,  we  asked  if  involution  measures  varied  by  time  to  breast  cancer.  To 
investigate  this,  we  plotted  the  ratio  of  involute  in  cases  to  involution  in  matched  controls 
(on  the  log  scale)  as  a  function  of  time.  We  then  fit  a  least  squares  regression  line  to  this 
plot.  The  line  had  a  slight  downward  trend  aut  always  remained  above  die  back- 
transformed  ratio  values  of  1.0,  indicating  that  die  positive  association  of  acinar  count 
w  ith  case  status  was  sustained  across  the  entire  spectrum  of  time  to  cancer  and  did  not 
vary  significantly  over  time  (data  not  shown). 

Lobule  size 

Lobule  area  w  as  strongly  correlated  with  acinar  count  (r-0.85, 95%  Cl:  0.8 1 - 
0.88).  Women  who  developed  breast  cancer  had  a  larger  lobular  area  (64, 165  p2 )  than 
controls  (53,759  p2)  (p-0.065).  Logistic  regression  analyses  indicated  a  step-wise 
increase  in  risk  of  breast  cancer  with  increasing  lobule  size  (p-0.045 ).  Notably,  during 
involution,  acini  become  less  cohesive  geographically  and  can  drift  apart  as  seen  in 
Figure  IB,  resulting  in  a  larger  area  than  might  be  expected  relative  to  number  of  acini. 
While  lob  ale  size  was  associated  with  breast  cancer  risk,  associations  were  generally 
more  modest  than  with  number  of  acini. 

Reproducibility 

We  compared  the  initial  quantitative  acinar  count  w  ith  those  obtained  by  a  second 
observer  and  with  the  automated  ACIS  readings.  There  was  strong  correlation  among  the 
three  approaches  (first  and  second  observer,  r=0.9 1  [95%  CI:  0.87-0.94];  first  observer 
compared  to  ACIS,  r  0. 78  [95%  CL  0.68-0.84];  second  compared  to  ACIS,  r  0.79  [95% 
CI:  0.68-0.86]). 


(.mil  tuodtl  prediction s 

The  Gail  model  5 -year  estimates  were  associated  with  the  outcome  of  breast 
cancer  (p  0.030,  Table  2B)  for  all  breast  cancer  ev  ents  —  inv  asiv  e  (n  69),  in  situ  (n  1 3), 
and  three  with  invasion  status  unknown.  When  restricting  analyses  to  invasive  cancers 
only,  the  Gail  model  results  were  very  similar  ( p  0.022 ). 

Accuracy of  risk  prediction:  Lobule  measures  v.v.  Gad  model 

We  assessed  the  accuracy  of  risk  prediction,  for  indiv  idual  women,  for  the  Gail 
model  and  for  acinar  count  and  lobular  area,  using  the  c  statistic  (Table  3).  For  the  Gail 
model,  it  was  similar  to  estimates  found  in  other  studies  (0.60  [95%  CI:  0.50-0.70]). ,4-l> 
Using  acinar  count  alone,  the  c  statistic  was 0.65  (  95%  CI:  0.54-0.75 ).  Combining  acinar 
count  and  lobular  area  increased  the  c  statistic  to  0.68  (95%  CI:  0.58-0.78).  Adding  the 
Gail  model  to  this  combined  set  did  not  add  to  predictive  accuracy  (c  statistic,  0.66). 
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DISCISSION: 


Optimal  early  detection  and  prev  ention  strategies  for  breast  cancer  require 
accurate  identification  of  those  individuals  at  significantly  increased  risk  for  the  disease. 
Despite  our  knowledge  of  many  determinants  of  breast  cancer  risk,  both  endogenous  and 
exogenous,  our  ability  to  predict  risk  for  individual  women  remains  limited.1-'  Reasoning 
thui  a  woman's  breast  tissue  reflects  the  integration  of  her  exposures  to  multiple  risk- 
contributing  processes,  we  are  working  to  develop  a  tissue-based  approach  to  risk 
prediction  for  breast  ranr.pr  Regression  nrinvnliition  of  lobules  is  a  physiologic 
process  that  occurs  as  a  woman  ages.*''  Importantly,  it  is  these  same  structures  that  give 
rise  to  breast  cancer.’  Completion  of  the  involution  process,  assessed  in  a  qualitative 
manner,  is  associated  with  a  significant  reduction  in  breast  cancer  risk. 11  We  have  now 
quantified  extent  of  lobular  regression  for  individual  women  via  the  number  of 
acini/lobule  and  lobuie  size  and  show'  a  strong  association  with  risk  of  breast  cancer. 
Importantly,  these  lobular  features,  assessed  on  a  single  I  I&F.  stained  slide,  identified 
those  women  w  ho  would  later  develop  breast  cancer  more  precisely  than  a  Gail  model 
prediction.  This  lield  true  whether  or  not  comparisons  were  restricted  to  invasive  ev  ents. 
We  have  also  shown  'eprod  udbility  of  these  measures,  whether  obtained  manually  or  in 
an  automated  fashion,  with  correlation  coefficients  of  0.7S-0.9I .  Of  note,  these  measures 
appear  to  be  independent  of  histology,  contributing  to  their  risk  prediction  capabilities.1 1 


Several  risk  prediction  models  for  breast  cancer  focus  on  an  individual's 
likelihood  of  carrying  a  hereditary  predisposition  to  the  disease.  Outside  the 
hereditary  setting,  the  most  w  idely  used  tool  is  the  Gail  model.12  Tais  model  is  available 
on  the  National  C  ancer  Institute’s  website  ( u  ww . cancel. cov  bcriskarol />  and  is  viewed 
approximately  20,000-30.000  times  a  month,"  demonstrating  the  strong  clinical  demand 
for  risk  assessment  for  indiv  idual  women.  While  the  Gail  model  lies  been  shown  to  be 
well-calibrated  in  predicung  the  number  of  inv  asive  cancers  likely  to  develop  in  groups 
of  women,  its  discriminatory  accuracy  ill  predicting  risk  for  individual  w  omen,  as 
measured  by  c  statistics  near  or  below  0.6,  is  only  slightly  bettei  than  chance  alone.  Here 
w-e  show  that  a  simple  physiologic  measure  M  lobular  status  is  more  strongly  associated 
with  breast  cancer  risk  titan  the  Gail  model. 


There  are  several  plausible  mechanisms  by  which  progressive  degrees  of  lobular 
involution  may  reduce  breast  cancer  risk.  The  most  straightforward  is  that  the  dramatic 
reduction  in  epithelial  cell  number  that  occurs  with  involution  equates  to  a  physiologic 
"prophylactic  mastectomy.'1"  This  can  be  visualized  in  Figure  3  where  age-related 
lobular  involution  has  essentially  removed  the  TDFL's  from  the  field  of  breast  tissue. 
Another  explanation  s  that  age-related  involution  invokes  some  final  different  iation- 
sensescence  program  rendering  the  remaining  cells  resistant  to  carcinogenic  influence.  It 
is  somewhat  counterintuitive  that  an  age  related  process  like  involution  is  associated  with 
reduced  breast  cancel  risk,  when  breast  cancer  risk  increases  with  age.  Notably,  in 
study  ing  all  women  over  55  in  our  cohort,  those  who  had  complete  involution  had  a  RR 
for  breast  cancer  of 092  (95%  Cl:  0.74-1.  M)  vs.  3.21  i95%CI  1. 90-5. OS)  for  those  with 
no  involution."  Tins  suggests  that  age-reiated  breast  cancer  risk  may  be  concentrated  in 
women  whose  lobules  fail  to  regress  normally. 
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Our  study  has  several  limitations,  hirst,  these  findings  do  not  necessarily  pertain 
to  all  women  because  our  cohort  includes  women  who  had  a  breast  biopsy  for  some 
concern.  Moreover,  the  present  study  is  based  in  a  nested  case-control  study  from  our 
larger  Mayo  Benign  Breast  Disease  Cohort.  However,  we  randomly  selected  this  sample 
from  the  entire  set  of  cases  and  our  previous  results,  based  in  the  entire  cohort,  showed 
that  involution  status  assessed  qualitatively  (none,  partial,  complete)  was  strongly 
associated  with  breast  cancer  risk.1 1  Even  it  our  findings  are  limited  to  women  with 
benign  breast  disease,  such  women  number  at  least  one  million  per  year  in  the  United 
States  alone,'^ and  they  represent  a  clinically  important  group,  as  about  25%  of  women 
w  ith  breast  cancer  have  had  a  prior  benign  biopsy.  '  A  limitation  in  our  comparisons  to 
the  Gail  model  is  that  our  controls  w  ere  matched  to  cases  on  age  at  benign  biopsy.  Since 
age  is  one  of  the  predictor  variables  in  the  Gail  model,  this  matching  may  limit  the  risk 
prediction  capabilities  ot  the  Gail  model.  Analysis  otonly  one  slide  per  woman  could  be 
a  limitation.  However,  we  have  looked  at  uniformity  of  involution  across  the  field  of  a 
woman's  breast  tissue  in  women  who  had  bilateral  prophylactic  mastectomy  and  have 
demonstrated  high  concordance  in  involution  status  across  all  eight  quadrants  of  their 
breast  tissue. Importantly,  our  analyses  are  based  on  a  modest  sample  size.  Although 
we  found  statistically  significant  associations  between  acinar  count  and  breast  cancer 
risk,  confidence  intervals  are  w  ide.  Further  studies  are  needed  to  confirm  our  results. 

In  summary,  we  have  developed  a  means  to  assess  degree  of  regression  of  normal 
breast  lobules  quantitatively.  We  have  shown  that  higher  acinar  counts  within  the 
lobules,  and  larger  lobule  size,  are  associated  with  higher  risk  of  breast  cancer.  These 
simple  physiologic  features  may  offer  an  alternative  strategy  for  breast  cancer  risk 
prediction  in  women  who  have  had  benign  breast  biopsies. 
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Figure  legends 

In  Figure  I  panel  A,  there  is  a  neld  ot  normal  lobules  (terminal  duct  lobular  units),  each 
composed  of  multiple  acini.  Ir.  panel  B  there  has  been  complete  regression  (involution) 
of  these  lobules  leaving  small  residual  structures  largely  depleted  of  acini. 

In  Figure  2  panel  A,  we  subdivide  an  intact  lobule  to  facilitate  counting  of  individual 
acini.  Panel  B  demonstrates  the  delineation  of  the  circumference  of  the  lobule  for 
calculation  of  lobule  area  by  the  computer  software. 

In  Figure  3,  whole  breast  mounts  from  pre-in volutional  (A)  and  post-involutional  women. 
(With  kind  permission  of  Sprirger  Science-  Business  Media.  Originally  published  in 
"Handbuch  der  mikroskopischen  Anatomie  des  Menschen."  (W.  Bargmann,  ed.),  Vol  3, 
pan  3,  Ilaut  und  Sinnesorgane, pp.  277-485,  1957.  Springer- Verlag,  Berlin) 
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Table  1.  Clinical  and  Histologic  Characteristics 


Attribute 

Cases 

(N=85) 

Controls 

(N-142) 

Total 

(N=227) 

Age  at  Biopsy 

Mean  (SD) 

52.5(10.1) 

51.8  (10.1) 

52.1  (10.1) 

Histologic  Type,  N  (%) 

Non-proliferative 

42  (49.4%) 

79  (55.6%) 

121  (53.3%) 

Proliferative  without  atypia 

31  (36.5%) 

56(39.4%) 

87(38.3%) 

Proliferative  with  atypia 

12(14.1%) 

7  (4.9%) 

19  (8.4%) 

Number  of  live  births,  N  (%) 

Missing 

0  (0%) 

1  (0.7%) 

1  (0.4%) 

Nulliparous 

11  (12.9%) 

18(12.7%) 

29(12.8%) 

1 

7  (8.2%) 

15(10.6%) 

22  (9.7%) 

2 

30  (35.3%) 

38  (26.8%) 

68  (30%) 

3 

26  (30.6%) 

29(20.4%) 

55  (24.2%) 

4+ 

11  (12.9%) 

4 1  (28.9%) 

52  (22.9%) 

Family  History  of  Breast  Cancer,  N  (%) 

Missing 

1  (12%) 

5  (3.5%) 

6  (2.6%) 

None 

51  (60.0%) 

96(67.6%) 

147(64.8%) 

Weak 

16(18.8%) 

22(15.5%) 

38  ( 1 6.7%) 

Strong 

17(20.0%) 

19(13.4%) 

36  ( 1 5.9%) 
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Table  2-  Association  of  acini  count  and  Gail  model  with  risk  of  breast  cancer  (invasive  ami  in  situ) 


V 

Cases 

Controls 

RR 

(’-value'1 

RR  (95%  Cl)w 

(’-value' 

B. 

Cases 

Conlrols 

RR 

P-value 

RR 

P- value4 

Number 

195% 

(ieil  5- 

(95%  Clf* 

1^5 1 ,  nr 4 

of  acini/ 

Cl)'* 

\cai 

lobule 

risk 

(MO 

lb 

37 

1.00 

(REF) 

0.0004 

1.00 (Rtf ) 

0.0001 

0-0 

12 

33 

I.OO(RfcF) 

0.03(1 

1 .00  (REF ) 

0.037 

11-20 

11 

41 

2.80 

(0.88  - 
8.93) 

3.61 

l-C 

38 

72 

1.76 

1.58 

<  0.53  4.73) 

11.03-12.63) 

10.64  -  4.87) 

21-30 

13 

26 

3.23 
(0.87  - 
It. 94) 

4.77 

|l. 14-19.94) 

2-<3 

14 

14 

4.13 

1  1.28-  1332) 

3.83 

1  1 .1)9  -  1 3.47) 

31-40 

8 

IS 

3.23 

(0.72  - 
14.41) 

3.95 

3  + 

16 

19 

335 

331 

1  0.92-  1335) 

(0.81-19.36) 

(  1.05-  11.98) 

4!  or 

more 

26 

20 

11.85 

(2.92  - 
48.12) 

14.03 

(3.18-61.86) 

1.  Relative  risks  and  95%  confidence  intervals  calculated  using  conditional  logistic  regression  analysis.  Analyses  account  for  die 
matched  nature  of  he  data  by  modeling  set  ID  as  a  stratification  variable.  P-values  assess  die  dose-response  effects  of  quantitative 
involution  and  the  tiail  model  estimate  with  risk  ol  breast  cancer  by  modeling  each  as  a  continuously  distributed  predictor  variable. 

2.  Uni variate  analyses 

3.  Multivariate  analyses,  adjusting  additionally  for  the  five-year  predicted  risk  of  breast  cancel  based  on  the  Gail  model. 

4.  Multivariate  analyses,  adjusting  additionally  for  the  number  of  acini/lobule. 


Table  3.  .Assessment  of  the  predictive  capability  ot'lobulai  measures  and  the  Gail  model 
using  concordance  statistics. 


Predictors 

c  statistic 
(95%  Cl)12 

All  cases  (n  85) 

c  statistic 
(95%  Cf)1,3 
Invasive  only  (n  69) 

Gad  model 

0  00  (0.50 -0.70) 

0.59(0.47-0.71) 

Number  of  acini 

0.65(0.54  -  0.75) 

0.69(0.57  -  0.80) 

Lobular  area 

0.56(0.47-0.67) 

0.59(0.47  -  0.70) 

Number  of  acini  area 

0.68(0.58  -  0.78) 

0.70(0.59-0.81) 

Number  of  acini  i  area  ■  Gail  model 

0.66(0.56  -  0.761 

0.60(0.58  -  0.80) 

'Statistics  calculated  using  conditional  logistic  regression  analysis,  accounting  for  the 

matched  nature  of  the  data  by  modeling  set  ID  as  a  stratification  variable. 

'c  statistic  based  on  both  invasive  and  in  situ  events 
’  c  statistic  based  on  in\  asive  cases  only 
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Figure  1. 
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